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Glossary of acronyms in Chinese and English

LG EICARR H A FR

Amp Ampicillin ANEER

bp Base Pair Bl A %

FITC Fluorescein Isothiocyanate BT AN -

d Day X

ddH,O Distilled and Deionized Water 7K

DNA Deoxyribonucleic Acid i AL AL IR

h Hour /N

HT Hypoxanthine and thymidine culture medium  ¥JC 5 WG R4 F1 ) J s g 1% 7 155 77
HRP Horseradish Peroxidase BRAR IS A
IFA Indirect Immol/Autofluorescence Assay B2 e i 5
IPTG Isopropyl-B-D-thioacetamide S N 2 -B-D-f AL ALBE T
Kan Kanamycin RHER

kDa Kilodalton TIE /R

L Liter H

LB Luria-Bertani Medium LB £ 773

min Minute pait

mL Milliliter =Tt

mol/L Mole/liter BEIR /T

M Mole JEE R

mg Milligram £

PVDF Polyvinylidene fluoride R — 9 S
CWP3 cyst wall protein 3 PEERE 3

pL Microliter Tt

WB Western blot G BN AT
ELISA Enzyme linked immunosorbent assay Pk EEKC . 922 1B B X
PEG Polyethylene glycol KB
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i, 5RBAFE. WITIRE . BB H AZFR R Rk dit 5 o238 O R, 5B 45 5 R L
FosE A TR AR IR

3. EESL IFA R 77 A 51 28 s b i

PATIA F AR A 557, LA CWP3 BT R diiA 1:200 FiB 5 1E A —$t, 37°CH#EE 1h, FITC fx

1



W

BAPURPUAR 1:1000 FikeJnfE 8 =50, 37 °CIFH 0.5 h ARV AHE S VORI Uik, %071k
A DLIE A 5 ' A RO B A IR AR AN IR I e AL R AR, HURA B U L Ry SR A E R
Yo RGN BT ER MBI I S AICPUARIR B M 3.390 pg/mL, %7715 HoAh s W AR e AE SR B, S &
SR AR B I RIS AL A AT AN, B 1 B Sz

ER PR, AWM B A e RE E IR ERE (CWP3) il Ry difk, @ 7 —fR
B A A 2 P SRAGL I B 585 H A [R5 S BE O T Dl A1 R R BT Tt (A A AN 18] 52
NI B B AR, A ORI RIS e e K & Aol

REgH: PR BEURD; FRRIE; RN



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

ABSTRACT

Giardiasis is a zoonosis caused by intestinal protozoa of the genus Giardia. G. duodenalis
is mainly transmitted through fecal-oral route. After the host is infected with G. duodenalis,
vomiting, diarrhea, dehydration and other symptoms often occur after ingesting water and
food contaminated by cysts, which seriously endangers the livestock and poultry breeding
industry and public health safety. The most important stage in the life cycle of G. duodenalis
is the differentiation of value-added trophozoites into infectious cysts. Five cyst wall proteins,
CWPI1, CWP2, CWP3, HCNCp and EGFCP1, have been identified, among which CWP1-
CWP3 sequences are highly conserved and specific, with different biological functions and
effects, and are crucial in the life cycle of G. duodenalis. The existing detection methods of
G. duodenalis have certain limitations, such as the low sensitivity and accuracy of traditional
microscope detection, the high cost of molecular biology detection and the high requirements
for instruments and equipment. on the contrary, immunological detection methods have been
concerned by scholars because of their high specificity and simple operation. Therefore,
combining the existing immunological detection methods with G. duodenalis cysts, a rapid,
accurate and effective indirect immunofluorescence detection method targeting cyst wall
protein was established, which is of great significance for the follow-up study of early
prevention and clinical diagnosis and treatment of G. duodenalis.

The main results of this study are as follows:

1. Prokaryotic expression and purification of CWP3 protein

The cyst wall protein CWP3 was analyzed by bioinformatics combined with Giardia DB
and NCBI databases. Using Prot Param and Port Scale software to analyze CWP3 as unstable
protein and hydrophilic protein; using Signal P, Net Phos, Deep TMHMM and STRING
software to analyze, CWP3 has signal peptide, extracellular protein, no transmembrane
domain, 25 phosphorylation sites and 3 proteins interacting with it; Inter Pro analysis shows
that CWP3 has a LRRNT 2 domain; VaxiJenV analysis shows that CWP3 has 10 antigenic
determinants. According to the analysis of SOPMA software, the main form of secondary
structure of CWP3 is B-folding and irregular curl, which is easy to chimerism with antibody.
The tertiary structure is predicted by SWISSMODEL, which is consistent with the secondary
structure.

According to the CWP3 sequence published in GenBank, the recombinant expression
plasmid pET-28a-CWP3 was successfully constructed and transformed into E. coli competent
cell BL21 (DE3), which was induced by IPTG. After ultrasonic fragmentation, the expression
form and specificity were identified by SDS-PAGE and Western blot. The results showed that
the full-length 744bp of CWP3 gene encodes 247 amino acids. The relative molecular weight
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ABSTRACT

of the recombinant protein is about 27.3KDa, which mainly exists in precipitation and is
expressed as inclusion body. The fusion protein was purified by His labeled nickel column
with a concentration of 2 mg/mL. Western blot analysis showed that the recombinant CWP3
protein had good reactivity.
2. Preparation of CWP3 monoclonal antibody against G. duodenalis

After the recombinant protein was mixed with Freund's adjuvant, BALB/c mice were
inoculated and fused with myeloma cells. The subclones were obtained by limited dilution,
and monoclonal antibodies were obtained from hybridoma cells. The prepared monoclonal
antibody was used for Western blot test to identify the antibody to G. duodenalis trophozoite
antigen; ELISA to detect the reactivity between antibody and G. duodenalis trophozoite and
to detect the cross reaction with other species; indirect immunofluorescence test was used to
locate CWP3 protein in G. duodenalis trophozoites. Results five monoclonal cell lines stably
secreting antibodies were obtained, named CWP3-1, CWP3-2, CWP3-3, CWP3-4 and CWP3-
5, respectively. All of them could recognize G. duodenalis trophozoites and had no cross-
reaction with E. coli, Salmonella, Cryptosporidium, Blastocystis hominis and coccidiosis
antigens.

3. Establishment of IFA method for detection of G. duodenalis antigen

Using pre-cooled methanol as fixative, CWP3 monoclonal antibody 1purg 200 diluted
as primary antibody, diluted goat anti-mouse antibody 1RV 1000 as secondary antibody at 37 °C
for 1 h, and incubated at 37 °C for 0.5 h, indirect immunofluorescence detection method was
successfully established. This method can effectively detect cysts and trophozoites of G.
duodenalis cultured in vitro by fluorescence display, and has good sensitivity, specificity and
repeatability. The lowest antibody concentration of G. duodenalis antigen was 3.390 pug / mL.
There was no cross reaction with other common insects. The clinical fecal samples containing

G. duodenalis cysts showed positive reaction.

In summary, monoclonal antibody was prepared from the conserved protein (CWP3) on
the cysts of G. duodenalis, and a sensitive, specific and effective indirect immunofluorescence
method for the detection of G. duodenalis is provided for the formulation of effective
preventive measures. Technology and time support, thereby reducing the transmission of G.
duodenalis, better protection of human and animal health and livestock production.

Key words: Giardia duodenalis; Capsular wall protein; Prokaryotic expression; Indirect

immunofluorescence
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1.1 WEHBA

+ G R (Giardia duodenalis, AR EFREIEEHD), & —FhABRo0 A6 () F B A5 3L 55
WA AR, FEFAETEERN T8, MR IRITENRE” U2, i 2R 22KV SR T 1676
IR WAL E B QR ORI TR B, X AR IR AR s Rl kBl 1859 4F, Alfred
E—NREFEG BRI TP AR, FRMH A48 Giardia intestinalis. [R5, Lambl{E—%4
BE S FRIL TR, N HE AT 7R, B A Mt ) 4 F-dr %48 Giardia Lambls
1960 F 51 27 Ui 46 IR RUSER &, H ISR doA JE B N T AR HARET 24 rp B, 2 o 5 3Urs
FHIG IR, SRR IS, WK AR ERR S — RANGARAER, ISR ORIFD B
AR, SZEDIREAC T M MA S IB AL N E A R USR BIRGZIEIR, %y% J180m M AMA ] e
2 I BE ML), 2R i AR IR, 2978 8-15 K. 2004 4, 5 T A UK H AN 4 ZANZE
H 0,
1.2 RERRERS

P AR AR AR, WFRRRK/ANZ) 9~20 pm x 5~12 pm, HHHGFER, #
Ui FE TR, S5 B AL AN, B, TR, OO R L IR A — A
[T (PR AL, 5 B B 28 O BN AT 2+ 3 I M B R IR N, DA - i B0, B
oA WU BA S8 D Re ¥R, (8 HFT ALE I N 35 2N B H HIEsh, D p 25T .
BFER/NL] 10~14 pm x 7.5~9.0 pm, HHETE AR, SMEHE —ZEWNMEAET, HTREH
LR, JEFERZI 400 nm, RGNS T, FEERINS, sofga0o 1, i maiEsg 4 4~
Moo —HAEOL N w i) —12, N HRARBRA R AR AN, HAREI R AAN2 13,

B 1-1 RERUAF AN ERSN
Fig. 1-1 Morphology of G. duodenalis trophozoite and cyst ['4]
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U U R AL R R LA R O, 124 M IE A B4 WB #k. WB TilE A6 tk. WB TifE C6
By GS #k. P15 #RAI Portland-1 #RAE N B2 M 51 55 B A BRI 0 B8 . ABUESTSE AL (Giardia
agilis) %585 51 2 1 (Giardia psittaci) ~ 1% 5 5 B (Giardia ardeae) « ¥ [R5 B (Giardia lamblia)
WANH R (Giardia microti) R A H (Giardia muris), FLIKYA 5 B (Giardia varani) {8 T
H(Giardia peramelis)F G iR 515 H(Giardia cricetidarum)$t 9 ANFp, Hrh A+ 1515 15 HAE R
Je N, BUE G BV, AL AR R OR, RIETE A THRHME S 9 8 M RUEERIA A-H, %

RIRLESAMIE, RS E Eio L WAAfEs B35 72 7 AR A 1 B ) e NS ILEAY,
AENRSS LR, mEEEAILEARSY. BRE C-H 75 EEEREREIE. (HEE
Y RS WA SRS P ANEE T B B 0820, RIRE A AT LA A T-A T 3 M4,
B A B A — € 18 R P2 AR RAR B #0508 B M B IV2 MR, R A, EAR
K WA S Jm 551 IR B0 B JE R Y 3. 240,

ARk, BR TR AR B A, NERGUERK C. E WA NRIE, Hh NRQERA E &
2528, SEERfE LT, BT AR B AR T B T, R ERR TS5BS YRl gy, B
FARKEZY) . B, R KR AR,

1.5 REHRITHF
151 fRHBiRE
1.5.1.1 KiRIE+E

SR B BN K A, 2 DR JUR R E R IR R —, S 7RIS B KIR, K
RGBT HUp o BTER HUE AT DLEER 5 G AR K i A7 i, 3 i S K e N AR . JRIE L 20k BT
AT RN CER K AR Y AR R, W2y “PIauail”, MER 10
LKFER/N T TANBIS IS (275 GB 5749-2006) B,
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1.5.12 BYIREE

BN SRR B EEN AL PA NS, &SR ERMEREHFIRL. B8
Wi Y , A DR R B 5 HL T 51 AL IV KA 2000 22 75451, 4ELERL R R0 0 92 4 S PR
IR IR (B TSR 321, 1981 45, HH 5L 491 B 28 el (Y i AL B HROE 2 AS R BYR =
SCAR G|, S5 AN SR A A 0K [ 5K B AR s 9 (AR IR VR IR G S R, AT
H, ARREUE UBRYL BN 15% 2 B AR IR IR,
1.5.1.3 A- NIzfhfeE

- Nl A S e N0 (0, J0d R B 58 O AR 4, SRR 2 52 I N- AN T 3
GRS R AN AR MRS T NS 3 B E w2, B — N, Hksg
NHE BB HUR I R 2 KIREE T, JCHRE R KRR, B TAEFRO ), GHRGERR G Hefibid g
YSILIEM R T, HES LT B R AR, AN NEYS LR R SEE S R, Horh B B
FELOl, FEE SN —FK)LBEITIRBE, A ST%AI TIE Pl 2] 7o s, /] T iZpAr T
HEEM=0R)E, 24 LEMIMERRRNR] TS, B SIFARIIERIRE,
1.5.1.4 TEMATRHEE

B EAMEAE 30 ALK, AT IR SR FUAE AT BB OBV E o — B R T
SO T M, X T LT A ) £ SR 58 390 (R Ik A TR AR A 4 Y B I s — A B R -1
IR XU, 3 3B B o, B W) B 3 - AR RR 4G 5 B 2, (R 2 B G e N 14
1%, Bl AIDS 95 N SR (1 B R RE M . 40, Hofh—SeATE (M PEAT ot T DA BT 55
(AL 5 IR YRl0), BLYE |- /MIEAD 90 4E4R, Angarano Z5MRAE Bk, 78 210 SE 0600 Ho IR VE 24
H, RIUE B BR G RIS, H 25 BN G IS G b I 22 BIRIBE TR B, K2 BB e AL
SEAR NG AE LI, ANRIUERAER, (02415 3 Fu )1 F B E ThREZHET, HUE 50 E RN
T 2 JE P e SR
152 REHRRF/RITIER

FEE R RIEFEZR 5 % LR JLEBIRAGET I — A BN, (R R [ SR fae i
LR 2 —12), SR R WLy AT R X, FEAHLIX A R IHoE, A EsnlRm, ik
TR . AT BORNE R, B4 R R L 51 38 iy R AR NEYS IR 2.8 12 N o JLEE R F AU
N, S NBEEYLARTE 2% ~25%2 (8], BESAEFK AR X B HAAE T 2R, SRiL
B FAH L, R B SR B8 R R i 1y, B V2 KB B KA R R I, AT REE i T
PAREEZESEN, SR B, TEAEI DL L R G 5 a5 v 143 441, [5] pA B 588 U 0 A )3z, )
7 AR B X R A SR A 2, BUER UG R i, S BTSRRI AR AE K42, Bk
Qe AR JE AN RS,
1.6 BREHAVBTHRALS
1.6.1 RERMHM

51 UM EOR L M AT, (H O OB U B0 /2 B 2 07 R, H A —BoA e R
005 Uk EE 047 K02, g TRk I IR A AR R IR T, 3 BB R IR B B A A R AN
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WRCAS B, 32 CD8 bk EL 4t Al 51 2 1 RIR 10 P 8 B T/ 8 VR 47 AT 3, CD8 bk EXL 400 M P e S
4R T N BT REREDS, X% i T A4 p R TS iR b R B BN BT, 155 R Al A
TRAZIR RN ) — AN B AR, Mg A KB IRE, K2 15-20 min BPAI 4324 H F—4X,
AR R 2 T R, R R A TR, IR BRI E SR R A
RO R AEIE T, RIS 2 518 BT GE TR, S EUMTE P TR R AR SO AT 1 T RE 2K R
[54-56]
1.62 RERRN

BUAE B 1 CAROR AT 5 1A RN, A BT ki, T RE A B T @18 sk
Yo BHES d oI ER I AR IR TS SRR R S, B AR R SR A I T P A R T I ok ik
BEAE RIS R BIT, PEFR AR T DU Aoy BE 5 S AR R PR S IS WS e A, 17
SR ARES, A T IEIE N AT, BURIRAG THURE S, Bl XN R, SRR e
FERET, HHRRER RS £ RN, I FBU= AR MRS S Thie
HAMAEIRYYR, S RAERB RS AR TR TRBEBEIM A, Blin L sg, Wi
T REAMEA, LG RCA BN e R, RIS 5 G B i, B RO R TR B
[59]
1.6.3 {HLNTRIEE

B AU T R EUS L B N, WIRR S SR A AE. BUR KRB RIS NG R, B
IR T R B, B3 5 R AR IR VS 5003 A2 R /N RSOV A AS 1R o A6 i 23 WA RN/ N e 18 388 o e
I o B AR B AR IO B HU, B E R PR AR NI Ak, R W TE R AR N BT A
A 2 1) 4% PR M IR 000, B s e (¥ AR HE S SRR IR KRR R Z RN, W A B AL
PRlg . B H ATy, XS B A B Bl U L8 i A B 08 TS0 . /N B R T RERRAS | 15 ik
ELAN MG RR IR BAE R PR B E A R =55 . /K. AR (B0
AR T IS 2L, AR VBIE R S, SBUNGY TRANPRIR RS, RIS 1 7R08 P65,
T 51 RSN E TR AN R 61,
1.7 RERRICHITSE
1.7.1 fRIEFILH

FI0 5707 A2 W B 5 U AR 2R B, Ho T RAIAR G2 W O I E A BB . SE0 = X0 B 5
ISR R ARG BER 75, (AR TR ORI AU, T R HE R IR TE RS, 7E KRR SR R
SRS DN BT 3 O TR, TR S A S A, B BETERE AR B R o S e, PR AR AR ZE AT
ZERFE
1.7.2 REFIHT
1.7.2.1 BEEX SR NP SRS

PR AT TR HE S A SR, ELISA J7iR7E 75 A2 BT JEAS I 77 T — B4 V2 R, (AT RES:
AETUE QA BRI A, RIS 1R 6E I — & PR BH T XU . Sommer Z5102I7E 2015-2016 4 M A
E R A X I 2h 4 & FUEE T 376 Ah RISH 145 AR SRMEREA, [ f8FH ELISA RIZ & 6y e
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G EEARTVEMIFCO TR, 255 ELISA o IR SEAEAE i K Ge 26 3 7R 30.6%F1 17.9%,
BT MIFC 37 10.4%1 6.2% 5%
1.7.2.2 &RRHNLL

DUy 71 B o P A O AL 1 S 2 5 D' 7R B e PR S R RV M . RS IE I S KOG
JEER I FH 5 AU R S LB B 1 8 A, A R SRS A Y 1) e SRR 2 — o T VA HE
T B e e e B R A e, ELAT T R A 22 VRV R B 58 s AR i
1.7.3 SFERFESH
1.7.3.1 E#l PCR

BEE AR F R VA R R S 1EE, PCR RTINE A @I AR % . #1 PCR Al ¥ R G 2
3 DNA W2 Al 1 SE 0 LA A6 S T K A8, F T I PR AR A P < AT — 5 1 SR BR AELO3),
A2V BsHOATX AT B 4 0 7 1 DX PR R B 35 HURR AR b AT TR, R &R 6 M AL 1393 ffEdh, A&
T B-BUER R LRI S 4T PCR 43, BN 2.4%.
1.7.3.2 LA ESE PCR

S E B PCR, RAAMOE. W{H . RBEER R, 2 SLin sl gk %, KT Real-time
PCR i 25 55 e B N /M4 438, Christian 251951 Real-time PCR J7 V26 BF A f b 1) 55 4 Ha gk AT
R, 14 pr BREERES R, A 12 3] TI0E. RIFAFOIDURYF B2 A 54 A 1) DNA FEAR T
T RN B 55 ) Real-time PCR v, REUE & . frRtton.
1.7.23 N SFRY 1

WA FEHEY 1 (LAMP) /& Notomi 557 HERIZIRY AR . B THERKIREAR, #%
THERA SRR TS PIRED RIS 45 R m, OBl 2 3R 903 B G AR A s A
PEZIP 12 W5 A0 C LASZ A5 M2 W DN AT 2 A D), ot 177 R A9 S 3871 Lalonde
LFU2Li 1A A0 GR35 5 v 43 5 1 B5R B3 0 7= B AR P, BRI RIE LA M AT 1a
(EFlo) 2:[K LAMP Rl 4a e 7= i i 1 5128 B gDNA 177, 3807 1 —Fh i B1E8 U Rk
M J73% . Gallas-Lindemann Z573R4E 1 83 5] R iU X (R EEAKAE, J@IE LAMP Jiikxd i
B 99 B AT BUER I, fe 2445 31 1 5158 HUBL2 43.6%.
1.8 AT 5khE

BUER U H AT R 5, WY AR S, (AZEARS, 2HORTRCREE. H
BT BEAR FER FE R MR R R 26T, S-IEIR I e & T i 0 IR E M 2%, wT I RIG
JrOEE A, fH S-REIEIKME T Gy SR T IAMAAEE BRI EIE U4, RS2 H Rl s 7z
R T BRI —, BEE T AR, W25t e, (A 52 20 BR 7S,

B R A RS Aot R R SRR, TR AT 0 s R A e PR A iR AR T LR
B UL R it ORATE S Ehie T, ARSI A K AR TIH BURRAT X, REb B A
MDA B B L s A 8 e R L, B AR TR R T 1 RO AR AU AT B T s TR BB 20
I TAETAE, BV S5 Y BB . AN b A WA IRE, B2 NG ) T BB
fei i o



BHRor SCHRZRIAE

2 BEREREANMRER
2.1 RERBEEAEM

B A BRI (R R BUR A R AR SE , BE RN E A S DR AN A AR FE e
EEBREEIER . KT RBENBAKN SV, LI € N 5 TEREGH 22 A0 G 10 - 220
H A% e R /b, CWM B S A A S 8 2R E 57 5 AL B R 12 e R R 2
() =Fpiimir 3R 1 (CWP1-CWP3) [R£F 4RI Jo Fl B 28 dURe = (1) B-1, 3-GalNac 3% (11-14)
Lk, AR BERER AN 37%, (R B IR A 340077, 2006 4, Davids S5E7SURIL T —Fl
BemrE R SR E S (HCNCp), e T A 3EEE . Bif5, Chiu™RILT —FhR i
AR FREFTBIBERER 1 (EGFCPD . CWP X =/ANE A LA L F4FIE: CWP1-CWP3 7E—4
26 KDa [ H & X BAT 60% M Z LB 75 RPN, JF BT X S8 (LR A7 T 0 FR 0GR PR I BRI RS
SPEAME (BSV) IS ELBEZERE S . BR T Z5MAH AL, X SR R e R R s 330 )
AR A Y .
22 EEEAMNIIEE

DU AAFRRE (CW) 2 —FP A H LRSS IhRE M AL IS B, R R AR
RS HEAT L, RN AT DA T DA B2 TR0, BERE R R —H 2 IR R AR, B
SNy, SRS i — 280 F AR, TR H R A SRR A ML s S R A i R s . R
B R S A V2 A, ARG . SO AL DA SO B 1 IR SR A AL AN A
BT R, B BT DL 1 R A S A SRR P 51 RS G S N, HA R B A R HE B0
TEF M EZ U, FEBT3E dURGL R, BREAMS 5 T E LA b i3 N RS s AE 5%
FEAAI R AT RS, 1 HS5HS 50 RE TR TS RS VIR G, X e BRI A g R
AT g5 1 2 e ONIAT 96 o DRI FERE 2R (AT 9T, F NSRS 21K I A 4k T A 3L
(821,
23 REHARBELTRERIESET
23.1 g

BB HUAR i A D R ST A TR A T R T LB, X — i AR A R
I B A U R TR N IR R T, AT AEAR AR S O T R I AR . B U R
TR N 3 AFENB: (D FARIAE S MR GRS 5 (A A il e 5 B R (1 20
(2) HIARFNEERE 7> A R JEREEREFR R T AN M /I AR R B A R A (3) BEBERLSY (1)
P E ) AMEEEALE AT ESVs (AR, 32 B R g R S AT AL LA e I A B,
HA AR AR SE AL, FTRRAR I SZ BRI, R SR N B 1 TS g i R AR R

FERIGLAR T, VP2 AR A1 ARR R B R AN RS AR R, H rh G4 (R4 1 B 1 4
W s X R AR AR S, ARG TR, SRR, XA TR SR —
JRE R ORIF I, BIONFEEE, ST AN A SR IR i, R BRI IR AT A S R Gt
TEM . REESFE— BR ), T2 bEE BERE Loy (RS AR = | S8 T AN J I BERE W) 5T =20 B
B, DMERE S A R PR JERESY . A s A ATE 10~ 16 h Z 8], JFE R m /RIS A AR

10
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ESV I AR
232 EHET

BRI S0 T, LR FERE B (R 415 (CWP1-CWP3), 57— SR i FERE FRRK
WEVR SR AN, HA WL & A S 2 g . Haris 5 g 21 5t S8 A i,
B T m B R BE R A, AR ARIE I A HAh LR AN [ PR SR A L A A0t R i R g TR A A A5 £E B
HORE SRR Z IAE R 5 AN A, G BCEEEE I 43 WA 1) RS S MEBE DR P AR 0K, 5243 A 240 it 25 ) A4
LR TR P DRI, AN FERE TR UG AT 4281 #8 pH AL R IE H- A4 B 5 s 46 i 3
AR ORRE TR . R B AR A RS i LA S ERE R [ (CWPs) [HA U ZEAL R 57
PEFEN (ESVs) #4128,
24 BEREAGGELAENMR

BT RN, BERERL T CWP2 Fl al-g FIYENMEEZE W 1, Hb al-g RAUME SRS, AR
— R A, LT SR TR AR I AR A, R IL TRy, DU TR AR A i 2R S A U B
JIZ BTG RLT 58 TR . JET CWP2 [y vl AR ] B8 s ALk, L CWP2 A TS A 2 11
FEH, WRENS A ARG A e AR A BVA YT 51 58 HOs IO BOR, X 3 B B 38 a2 ] DA B 58
U R PR AP 86. 871 [ Py 7 2 WY A B8R IR D [T R — A a1-Giardin A1 CWP2 DNA J 1 )
KR, FEBERN G LA A R TR R BRI B 79%, BEBEECE T % 93%, B ER/D, XEVZEE
A ABE A0 BETERE T A AT HEAR, AT B R 54 5 U £ 15 .
3 MIREMEEX

BUER HUR G IR A ERIE TS I B ERE AR 2 —, T AR IR R 0 2R R T R T
TRAT » 16 At Y0 BBl P R 17 77 28 ) f B ) LA B S0 5 v Lo ERE R [ A R R R 45 ) S AR Gein
MIoCEE, BeREHRAMAN FARIIRG, AERE B B AA0E SRy, 0 B35 Hus (12 R 1 IR i (K ik R Ay
HEMRE S, B, SR TSRO G4 T 2 BE T A% B 0 B B AR 2 — o H B A S A A Ty
ALERF SR PR T UA TR AR B AT RO S0 S Atk bl v — bRl L 5 {0 R A S 2 AR
SHeIh B 5L HHS Ty 5 B AR S H 1

11
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EZES CWP3 ERMIEZFIAR AL
15l

BUER R — P A LE (0 N JEAE B A AR L, A TS, T AT ARt G A
FEAR TIREIIREN, 2H SENRHENGTSE ) LEE FRA RAVE R GBI . 65 A R 1
FERE, REMSHRHUR AN B IR IS 20, 2 DU dUE RN - B R 2 —, Jir DLFREERT 51 55 du (4%
PR E T, W AE— 8 &M T, BLER AEMR AT DLSE N IRE SRR B 60 BRI X ) 5 4, [RIL B 58
U] U A1 E S0 B 23 A B R SR80,

B FEB AR  CWP3 2 A IIAH SR AR A T, ARHR 46 F AR5 B 2 A X B 5 L CWP3
HEAMAEDE B ThRe AT T, [FIRF KA B R %R A R RIS B4 CWP3 B E kT4l
.
2 M5 R%E
2.1 MG
2.1.1 IIE PR, BRI FNERR

KIGFFHEEZ 4000 DH5a. BL21 (DE3) W3-t at FE B br A= M R KR B A BR A R pET-
28a FIEH A H LI RAT: pMD-18T e b BRI K T 5 H AR ARAIRAH
2.1.2 EERKF

WIRE 2-1 fizw:

#* 2-1 AEOMRABMEZERIE KT
Table 2-1 The main test reagents used in this part of the study

77 (Reagent) J T (Manufacturer)
His-Tag Mouse Monoclonal antibody =
iR FRE
B BESR I FEHRE
Bk FEHRE
Jit A 9553 AT
IPTG HHE
AeVEE H BRI (5% Al
HRP Fric 40 9t w2
JRE AT
BCA & [ B & i i1
=R REEEERS (Tris) HEHRE
H&m (Gly) HRE

2.1.3 FE(UEE
N 2-2 Fios:

13
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R 2-2 REBOMR AR EZRIELER
Table 2-2 The main test instruments used in this part of the study

2L FR (Instrument) R K (Manufacturer)

B0 TR X
pH it AR
T T U5 A4 HAR AL TR Z
IEE B Ly Nl
% T RemEhR A Tecan Trading AG
FHLIKAX Bio-Rad 1A 5%

2.1.4 BB H]

WIN R 2-3 FioR:
23 Ao A EERRICH
Table 2-3 The main solution used in this part is formulated
IR AR By
RURZ 3.9 g NaH:PO4-2H20. 8.77 g NaCl. 0.34 g imidazole, 5E% 500 mL, pH 8.0
B 50 mM NaCl. 0.5 mM EDTA. 50 mM Tris-HCl. 10 mM Arginine. EZ&T 1L
8M JRZE Bl M. 8M Urea, AT 1L
6M JR 3 G2 FE MM 6M Urea, EAT 1L
AM JREZ G PR M. 4M Urea, AT 1L
2M PR G EE M. 2M Urea, SEHT 1L
P 2.5 g Biflg Wik . 50 mLPBS, BAHAIEE T =R
PBST 50 mL 20 x PBS. dH»O EZZE 1L, Jil 500 uL ihiF 20 VAR EiREHE

22 T E
2.2.1 CWP3 FHI{E23KE

/B 55 AR Giardia DB (https://giardia db.org/giardia dblapp) THERIEEEE [ (cyst wall
protein), FEM Pk HFEREE T 3 (CWP3).
222 CWP3 £MMERESR
22.2.1 BUMHRSH

% FH Expasy (1) Prot Param . E 73 #r CWP3 [IZERRAL . AR F . S (PD. 8
R K R e . T2 Expasy, #E A F 0133 Prot Param, #ii A\ CWP3 %
HIRT o
2.2.2.2 FEHKMESHT

i Prot Scale 7E4k T. K43 #1 CWP3 & HISEBL/K . 7E Expasy T 714K %] Prot Scale T, #
A CWP3 ZHEIR 51,
2.2.2.3 S5 AKFN

FIH Signal P 6.0 IS 5 k. LIRIEERF 74N CWP3 (FASTA #%30).
2.2.2.4 BARGALAL TN

FIFH Netphos 3.1 % CWP3 5 [ 1B R A A7 sU3E AT 0 4347
14
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2225 EffEBWmN

STRING Tl 5 CWP3 & A/~ A EAE-IE A, MANZER P, &858 s g A7 1o 4
e
2.2.2.6 BREXSH

M FHEHARK2E (Technical University of Denmark) FF &[] Deep TMHMM X CWP3 [ 5 ik
DX HEAT T 53 B o
2227 GE¥aEsT T

{8 H InterPro 7EZk T 2.3 Hr CWP3 S5 43811 431 .
2228 RN SRR ERDIT

FIH VaxiJenV FHTEM: . 48 Immunomedicine Group Hf¥] Predicting antigenic peptides Tl
2229 ZEREMSTH

fliF] SOPMA T H7r#Hr CWP3 — 451,
2.2.2.10 ZREEHITN

fi ] SWISS MODEL *J 54 5 dt t #EBEH [ CWP3 [ =47 A& S5 K kAT Tt o
223 TWEHMESR

WEHRAE T WEE P ARAE IR B 58 L WB BRI TRARTE 37 cCKIB 2R AF NIRETE D5, MR 1 HL A H
MR AR TYI-S-33 B FRdkE 5%, BT 18 mL HIBIERALEESEE b, IR} 10°-30°J5 A E 5% CO2 [
TR B TR T B 7R B BUE K. IR IR R I BB VKA 15-30 min, &FFR 10 min HE8E— X
A, AERATREZ (W B N RE VR, WCBR A S BN 50 mL JERE 5.0 N, 30001 « min!, £540 8
min, 5% _BIE, W RAARTTE . fHIRAKB ST T THE 2 37 °C, -80 °CEE A7 (1 B 5 HUg 7714,
B — Ut PVC BN KT, ek, 2000t « mint, B0 Smin, NG TAE G 80
FEHTE, RISHR ARG /NG FE 25, N 1 mL B IR R A R A N, L ER A SO 15 ml
TR R p, BEREIREE, 47 DO, 48 REOBE, BONE 5% CO2 1 37 CHNfRE =46 A
. KB ERTEE 1/3 590k, KBNHFRRAFE 12, RIGEBH R TR AT,
2.2.4 £ EF %0 DNA 25

FRAEFEAE DNA B & B B BT 26 B WB #Ri) 42k K 4 DNA.
22.5 Sl4MEITERK

MR 8 A HAE A Giardia DB #U48 E3RA3 HIGIEH CWP3 IR, JFXBRiTimis 5
JIRER 73« AMH] Primer 5.0 #AF¥it PCR 514, {519 L N4 5% 50 751\ Xho 1 F1 EcoR 1 i
P CRRIZR). Wik 2-4 fivk.

15
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% 2-4 PCR &It 5149F5
Table 2-4 Primer sequence designed PCR

F K 44 ElkvlE2l!
Gene Name Primer sequence (5'-3')
F: 5-CCC TCG AGA TGT TTT CTC TGC TTC GTC TCC TTG AGG-3'
CWP3 R: 5 CGG AAT TCT TAT CTG TAG TAG GGC GGC TGT ATC T-3'
2.2.6 PCR # 18 BERIEH

PL_EIRSEEUY CWP3 4z 2L (K20 DNA fE MR, R PCR ¥ 18 CWP3 Ko eK. KBk
AN 2-5 Fions NSRRI 2-1 fs.

94°C 94°C 72°C | 72°C
Smin 45s Imin 10min
60°C 72°C
43s oc

2-1 PCR #1854
Fig. 2-1 PCR amplification conditions

#®2-5PCR R NER
Table 2-5 Reaction system of PCR amplification

A (Reagen) A (Volume/pL)
10 X Buffer 2.5
dNTPs 2
F/R 0.5
r-taq 0.15
DNA 1
ddH.0 18.35
AR 25

22,7 EHERERAIE
2.2.7.1 CWP3 PCR 4B 41k
W TP T4, B AR 38 S h it H 0 B K SRR, JIAFLIEBEIR B TON 1.5

mL EP BN, fii H TIANgel Mid A4k, %8 LLN B IR Ak R io™ i«

(1> 1.5mL EP &N H 1 Fr BUst PR ;

(2) A 3 fEARFRGSS 59 GMB:;

(3) KIBERFT I IR BILE 56 °C, 7K#E 10 min, 4 2-3 min B4 — UOINE B A7 5

(4) BN EC HF, 12000 r « min B0 1 min, EFEEE R PV RTIEN 2 5

(5) HIA 600 pL fE¥EiK WB, 12000 *» min B0 30s, fEIHEHR (HE—XK);

(6) KWL AE BEC U A, 242 12000 r « min! 25400 2 min, MNIEHE7E45)>

(7) W FHAT: PR AL NN 50 L e 221K EB, = IRBCE 408, 12000 r « min &0 1 min.
2.2.7.2 &E$#& pMD-18T &k

BRI Ai AL B 255 pMD-18T #UAMIE, A RINFK 2-6, MK 16°C, 12h.
16
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T 2-6 T HIFEIZAKR

Table 2-6 Reaction system of T-vector ligation

7 (Reagen) A&FR (Volume/pL)
PCR & RIHi ™4 1
pMD-18T vector 0.5
Solution I 5
Tz K 35
ISELYA 10

2.2.7.3 EEFMEEA Ecoli DHSo BEZ S 4AM

(1) HRAFT-80 °CUKFH A (11 SZ 2540 Ecoli DH5a BUH, fEVK TR . H0ER M LL K2
AYUM 1. 10 EEA N, JRSEVK B E 30 min;

(2) 42 °CIKIFMT, PBURZ SRS 90s, FHKIE 3 min;

(3) AN 700 uL LB #5753, 37 °CREARH 180 r + min' K5 7% 45 min;

(4) /S 3500 r » min! .0 10 min, 3% BiE, DOEMITH SR IR 24K LB J 774, TN
37 CCHITEIRIGIRA, B 56 42 J5 3 B PG 97 14 he

2.2.7.4 BE% PCR WHIERMAF
ik 3-5 NMEAL G RETE, A EISH 10 mL 5 100 pg/mL Amp ) LB £537 %4, 7£ 180

r+ min! TR 37 CCREHHE TR 6 ho W57 5 M BRIBAE AR, S 57 PCR J BERUE PRI 1A,

I D IRIFIR 2-5. K50 UE g BH A 14 D KL 27 106 U 45 8

2.2.7.5 ERTEFRAAIIREL

# LA B2 PCR %58 NFHM B PP CE R e R Y K877, H TIANgel iR/ & 5 BGRFT)
BREEAL, SR
2.2.7.6 E4A 5 & BN AR ER LG IE

PRI V)% 5E Ja vo BB kL, BAR I ONAR R UNER 2-7 Fis . KIGEA T 22 37 °CJaligt) 3

h, 1B AR BRBRE I A B DL 4, ORIt B K B D3RR b

R 2-7 WEGYILE R IFHR

Table 2-7 Double enzyme digestion assay system

7 (Reagen) AR (Volume/pL)
I TR RIS 4
Xho 1 1
EcoR 1 1
Buffer 10x 4
Tk K 30
AR 50

2.2.8 BRFIEHMAE
2.2.8.1 pET-28a FRIAE 1K W EE L]
XN 45 SR IE A 1) pET-28a Rk Fbi b AT W VIR, XUEED) R N AR R R 2-7,

17
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2.2.8.2 BMERESRIAEMA pET-28a e
< 2-8 MYIRASENRBENERRBER

Table 2-8 The system of ligation reaction

71 (Reagen) A (Volume/pL)
Ligation Buffer 10x 1
Digested pET-28a 3
Digested PCR products 5
T4 DNA Ligase 1
SATR 10

WY fE 1K) CWP3 UKL AEEY) J5 1Y) pET-28a FURL g LR [ B, MRYER 2-8 AR R, 4k
FIEFRL, FHE 4 °COKFE N IR B 16 he
2.2.8.3 BE% PCR WHE XM
¥ 2.2.8.2 HIRBER T YHE I 2.2.7.3 AP IRE N KB Ecoli DHSa 4, Fi4%H 2.2.7.4
HEAT BB 7% PCR BiE.
2284 BEEFTIEHMAHEE
X B AL JTURL pET-28a-CWP3 XU, [ S AA R IFIH 2-7; K th g (¥ F 20 ik ok 27 31 1 ifg
A LTI 4 5E
229 EHEEAMKIESWIE
2.2.9.1 EHEFRIEH K Ecoli BL21 (DE3)
W b3R8 3 XU A 00 (1) EE 4 pET-28a-CWP3 ik Uk 4 1L B KA HF i Ecoli
BL21 (DE3) Fik@H, HALERIEITIER 2.2.7.3.
2.2.9.2 BE% PCR WHERMAF
PEE IR 2.2.7.4, PCR Y LA FRIE 2-1, 4 CCUKFER AT 1% BRI AL B3k 25
min JFA. PC BAVEMBTRLE £ B4 TP, e R e e — S EA R, JEx R T EAE
AR 6
2293 EREANFIMNESTRIE
(1) ¥ E pET-28a-CWP3 FikFH IR 35 100 pg/mL Amp ) LB 35353, 37 CCREARILA
(2) SRR E RS LB 55775 (&% Amp) #1350 mL, HBIA 1: 100, 7€ 180 r * min! ##
IRHREFE 2.5 h i A, BL—# 0 B A
(3) £§ OD {HikF] 0.6~0.8, MALHKERN 0.5mM ] IPTG, K 180t » min', 37°CH;3% 3.5h,
B — 373 B X 1R
(4) FHFEEHJELL 10000 1+ min! B0 10 min, 73 AR BIEFIUTE .
2294 #EZEH SDS-PAGE &l
(D FEAFEMCHE: BUEREESEMEADIE, PBS HA, M50 uL #KE N 100 mM [¥) PMSF,
380 W A 15 min, 10000 r * min™' 5.0 15 min. 2B E SR HF)5. BHE SR _EE
e 5 & A EREZMBIR G )5 21T SDS-PAGE.
(2) SDS-PAGE Hijk: BFERIMARH, 5690V HiJE, EFIFEMME EERE, FHBEERN 130

18
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V. BK&EHE, UIELER, Ol 15 min, st s MG, £F SDS-PAGE
JRTC B ARES, g H i A i R 1K L
2.2.9.5 EHHEH Western-Blot &7

(1) FERAL BRI

(2) SDS-PAGE # B[] I;

(3) HLUK4 Y SDS-PAGE Jit, H&EIRIF, KB TESEK, EFERHIRIE 5 min;

(4) BYHLY SDS-PAGE JK/MHIFIH) PVDF i, HEFIRIE 5 min, #&HBOREER (57D -4
JEAC-BEI-PVDF JR-JEAR-40-4 (hBe e (IEMR), CKRuERE B REEE, [ e F I R i
NGBS L, 100V #% 1 h;

(5) ¥: PVDF BB T3 P+ 2 h;

(6) —HilFFH: %M 1. 2000 #%E 5 1 His #3288 w0 EHUATIN 50 mL B0 H, PVDF fiids 4]
SR ZEREL, T 4 °CRRIR g, e BRI . F PBST ¥ PVDF i 4 I, 2 kS
min, 2 {X 10 min;

(7)) ZHiE: 1: 1000 FREPUR 1gG Pk, I PVDF JEREFE 2 h;

(8) ZEM: FBTH PVDF BURE A (iR &G e &, BFaRM 2 Rk, #ini&
ERASRPEESHEN

2.2.10 EHE RGN IR ENE

2.2.10.1 ELRERMLL

(D BRERFR: ¥ RKEREL HNEANEBOEIHMTIE SR, PRIF 2.2.9.3;

(2) WERYEE: ¥ (1D R TR BB E B O LE RS AR A, 10000t « min!, 4 °CE§L
10 min, WEEPTHE;

(3) BB BEARTTIER 10 mL PBS HEJRS], HNIA 50 uL & H B 0I5 PMSF, 2
FFIE 2.2.9.4. 10000 r * min! 0> 20 min, ¥ _FJ5 PBS YEiRUTIE IR

(4) fiktkgitk: H 5 mL Buffer EEPES, 4°C, 10000 « min” &0 20 min, 7 if;

(5) 5 mL Triton X-100 FE#, 4°CF 10000 r » min &> 20 min, 7% _Fik;

(6) HEE M JREVIE, FimHESE 10 min, 4°C, 10000 r * min' &0 20 min, F _Lif;

(T F (6 TYTEHMET 4M JREVEW, WATHI2]J5 10000 r « min .0 20 min, F¢ B3, MIA
T 6 M R, LARIRE AL 2

(8) 8 M JRE BRI IVER I, BEOEWIEIE, fRIFAE 4 °C;

(9) FIRARE AR ME: Baib)E MR AN FEEITRS N, RCR B A R LR A
F BT RTINS L G2l 4 )CUKFEN RSN BN 48 h, FFAIFE 8~12 h SR R

(10D SEAWYE: HEFWEEBIRNENT SN, BT TR E, SR, A 37°C
E IR 5 7R A T4 30 min.

2.2.102 EREARKENE

(1) B{— ELISA Kl %, A FLEIIA 100 uLPBS, #4 20 pl AN [7] B 1 2R A bR v AR OO

19
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ANFEPFLA, 37 °CHEE 30 min;
(2) FE— MM 2%, BAFLAIIN 100 uLPBS, &ANFLA I 20 L A5G AL AREM, 37°C
% & 30 min;
(3) RAME LIS A bR SR @ AR 2R, K E>0.99;
(4) SHAFRIAE: f AT R
3 ZBRGSHR
3.1 CWP3 E¥ERF 04
3.1.1 CWP3 B934 14 R
181 FH Prot Param #F4 41 B 19 & AHIEAGIE R, CWP3 153 T 208 Cra0:His51N3150378S 10, X
ST IRELIAN 27371.940, BRZEH A (pD) N 4.450; 5 AT AR L B8 (RAER+BEIR) 26,
A7 IE LA RS B ORI 12 (TR e AL PR AN N 2 30 h, AFasE fa s
433320 (g TREMERD, MRIITEECH 96.230.
3.1.2 FEHKMESHT
1 ] Prot Scale T E. #1#] Hphob /Kyte & Doolittle £33, Tl />4 CWP3 & [ [HI3E/Bi K 1,
SEREIR (B 2-1), CWP3 SE/KMR RN 2411, H/MEAN-1.789, P58 K M5 HA-
0.490, mTFH, CWP3 RsE/KMEEN.

ProtScale output for user_sequence
2.5

Hydropath. / Kyte & Doolittle

1.5 |

0.5 |

Score

0.5

1.5 F

50 100 150 200
Position

& 2-1 CWP3 FEBK M4
Fig.2-1 Analysis of CWP3 hydrophilicity

3.1.3 55 AKFUN
f# ] Signal P 6.0 FAFTM > CWP3 FHEE S AL, 4R ExR (B2-2), CWP3 EEA —BUE
SIKFFH, B 69.4%, AT 13-14 i, RUNZEA N WMEH.

SignalP 6.0 prediction: sp_PODTC2_SPIKE_SARS2_Spike_glycoprotein_0S_Severe_acute_respiratory_syndrome_c

10 OTHER
— secssPin

Sec/SPIh
o8 sec/sPi ¢

--- C5
06
Fy
¥
2
2 04
£ i
]
02

NN 3 00 ¢ 0 ¢ 00 3 0000 3
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGYYYPDKVFRSSVLHSTOQDLFLPFFSNVTWFHAIHY

10 20 30 40 50 60 70
Protein sequence

& 2-2 CWP3 {5 S BRI
Fig.2-2 Prediction of CWP3 signal peptide
20
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3.1.4 BABRALAL = FoUN
{8 ] NetPhos3.1 B A0 BERR A AL s UBEAT T 20 B, &5 R 2R (& 2-3), CWP3 tHEH 25
BRI A, o, 2% (Ser) 7R EE (Thr) FIESEER (Tyr) FIBEERILAL A %05 i)
15 6 F14 4,

NetPhos 3.1a: predicted phosphorylation sites in Sequence

Serine

Phosphorylation potential

T T T T
] 5@ 1ga 150 zea
Sequence position

2-3 CWP3 & B RO B4 BR LS = T
Fig.2-3 Prediction of phosphorylation sites of CWP3 protein

3.1.5 BEEEESR
STRING ¥4 CWP3 SR M EAEH ML K, SR ER (B 2-4) CWP3 SEH I SECN 4
A VB E R o-2 giardin, & giardin. B-giardin, 3t 3 NEHE CWP3 EAMEAER, HHd, CWP3

55 & giardin F1 0-2 giardin HAE AL 0.826, B-giardin 7F 0.823. 455 £ W] CWP3 Tt S
5 TSR R YIS SRS AR, X T B A U A A D AR I R B

GL50803_4812

®

GL50803_7796

@ mGLsoaos_seem
g

GL50803_2421

S,

[ 2-4 CWP3 ZEREAEMLE S HTE
Fig.2-4 Interaction network analysis of CWP3 protein

3.1.6 BRX7H
il Deep TMHMM 3 {4%F CWP3 (5 I 45 A3t T Fill o3 #r, 453 Bos (8 2-5), CWP3 &
HRNIBANEH, AMAEERX .
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DeepTMHMM - Most Likely Topology | Type: Globular + SP

Outside
Signal =
Inside

0 50 100 150 200 250
DeepTMHMM - Posterior Probabilities
1.0
0.8
>
2 06
3
o
o
£ 04
0.2
— Outside
— signal
00—
0 50 100 150 200 250

Sequence

2-5 CWP3 EBIRX 34
Fig. 2-5 Analysis of CWP3 transmembrane region

3.1.7 Gt orh
i FH Inter Pro fE£k T H4rHr CWP3 &5 K 73 A, 45 R ps (B 2-6): KILCWP3 BAH
—A> LRRNT 2 £5#)35,

2-6 CWP3 L5153 41
Fig. 2-6 CWP3 domain analysis

3.1.8 MEMSIMIFERERTH
VaxiJenV g5 R 2-7 (A): ZEAWEAYURME, PUEIELS 8 0475, Predicting
antigenic peptides FIHLR YL g iR Ls KWKl 2-7 (B): CWP3 BA 10 Ms ke k.

Average sntigenic propensity for this protein is 1.0992

B U

A
Model selected: parasite

h - e
(Threshold for this model: 0.5 Tri 16 b 1084 08 0SS e
S —
[ Start Position Sequence
four Sequence: 1 4 LLLLLEVGYGLVDMQYDALVQF )
I
IMFSLLLLLEVGYGLVDMQYDALVQEYDSTDG 20 LOSOVTCOWGYSe =
|ANWMENNWLOSDVYCDRI GVSCDDNDNVVSL 3 57 DHVVELNVOH L]
INVQHMGLNGQLSDLTNLTYLSSLYLSGNNLK a7 TNLTYLSSLYLS ]
IDSDLCLLGGLSYLRVLDNTDTSLOGNIPECT 5| % DSOLCLLGGLSYLRY 08
CALSKLHSLHLDNNSLIGDVPPCLGDSOOLG 5] 120 IPECICALSKLHSLHLON [
LKL PTARCNRLOYSFSHLDLAVVDYVDLOCN o ) =
PTINCGGEDYVVNHTGYYACGLNHCSTCVRK -
[P TCAAFLDVGGCRYYLRNSTASKIQPPYYR LA - JCLOUaET L]
o] RCNRLQYSFSHLDLAVVOYVDLOCNP 87
10| 193 |GEDYVVNHIGYYACGLNHCSTCVKKTTCAAFLDVOOCRYYLR| 234
Pverall Prediction for the Protective Antigen = 0.4745 ( Probable NON-ANTIGEN ). Cotat PeiraRecne
Lo Updee 8 Fabromy 2024

2-7 REH (A) SHERER (B) 5
Fig. 2-7 Analysis of antigen index (A) and antigen determinant (B)

3.1.9 ZRZEMTHT
SOPMA #A{FXF CWP3 & A ) 34T T, 45 8o (B 2-8), CWP2 ) a-12iE (Hh)
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FRELBIE 15.47%; B-#548 (Tt
1A, HREEREEIN 3.04%; LHMNER (Co) 210, S EERRHEI 58.01%. HIHAT I,
TR AN EE R AN - B A HNG, 5Pk G

()
85 A, (S EEEM LB 23.48%; BB (Ee) 56 4, &%

IPNNWLQSOVYCDWIGVSCODNDNVVS LNVRHHGL

coeee  ttoee tt
SYLRVLDMTDTSLDGNIPECTCALSKLHSLHLONNS

hhhhhhhheees. cessnt.
CSTCVKKTTCAAF LDVGGCRYYLRNSTASKIQPPYYR

i ( ‘“| (o H]n

Other s
"

()

I

I

100 150

2-8 CWP3 ZREEHJFFHE ST
Fig. 2-8 Secondary structure characteristics analysis of CWP3

3.1.10 =R&EHTN

SWISS MODEL L HZrr CWP3 HEHFS, FlllizE A =R WER, Hbfs GMEQ #
QMEAN AL G S VPG TR AR, GMQE BT {5 FEVE D 0~1, HU{H SR AL i & 4T
QMEAN 1378k 0, PPAGRFINE B 5ECER A R ULRC R #LF . 45 R2R (Bl 2-9) CWP3 f&iAY
(M= GMQE 6408 0.49, QMEAN #8408 0.62, R+ O A M AR S B & A 4504

2-9 CWP3 =HE S thEEM S 4
Fig. 2-9 CWP3 three-dimensional structure analysis

3.2 REREF

R4 2.2.2 RGP IR R VR R, WIRATF E R AERKENEAERKIRAFTE 3-44d, SR WNE
2-10 7w
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2-10 FIMEFITRERTSE
Fig. 2-10 Morphological map of G. duodenalis trophozoite cultured in vitro

3.3 CWP3 513 18

RHE IR CWP3 FEF 1, DAFEEUH) B 58 Bt DNA SO0 4 CWP3 = EA I [X ek AT 52
Hil, ARG 2.2.14 WIS AT DNA §73,  1.0%5 i HEEEL Uk 208 PCR 7=4), 15 K% 744 bp
A B 2 (K 2-11), SHEURE RN —E

M 1 2

2000bp
1500bp
1000bp

750bp

500bp

250bp

100bp|

& 2-11 CWP3 EE# PCR ¥ 1%
M: DNA 73 FREFRAE; 1: CWP3 Z[EH) PCR 4 187/=4; 2: PAMEXTER
Fig.2-11 PCR amplification of CWP3 genes
M: DNA molecular quality standard; 1: CWP3 gene PCR amplification products;2: Negative control

3.4 EiRPERAIER PCR Wi
DL CWP3 H 4 v B iR 9 ABERGEEAT PCR 4738, 4R pR (B 2-12), 18 B2 R/
LB A IEMH R AT, PCR 4@ B R 2 B Ty, 4 RHBRIFESE
(R R B3
M

2000bp
1500bp
1000b
750bp
500bp

250bp
100bp

& 2-12 CWP3 ik PCR #1545
M: DNA S FRREMRE; 1-6: T[E CWP3 EiRHY PCR 47 #54); P: PAMIIER; N: BAMIER
Fig.2-12 Results of PCR amplification of CWP3 bacterial solution
M: DNA molecular quality standard; 1-7: PCR products of different CWP3 bacterial liquids; P: positive control; N:
negative control
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3.5 ERTERAMNNEEYTLEE
XU O S0F B B AT R, 45 R EoR (B 2-13), BTl &&r A B 4% s 70— 55
M 1 2 3 4

7000bp
5000bp
3000bp

2000bp

1000bp

500bp

[ 2-13 E4H e bR Bk A WA £
M: DNA SFREFRE; 1-2: ELHREFK pMDI18-T-CWP3 WESYIF=4); 3-4: pMDI18-T XfH
Fig.2-13 Identification of recombinant clone plasmid by double digestion
M: DNA molecular quality standard; 5-8: Double digestion product of recombinant clone plasmid pMD18-T-CWP3; 3-4:
pMD18-T control

3.6 ERFIAFRIERK PCR IIE
DL CWP3 HEH e & ORI T PCR §M 184 s (|8 2-14), £ HBEE NI BEAR
TEMH R A 45T . B PCR @ NI MR R R AR T, M4 RS B R H B—3.

M 1 2 3 4 5 6 P N

2000bp
1500bp
1000bp

750bp

500bp
250bp
100bp

& 2-14 CWP3 &k PCR # 1B45R
M: DNA 7 FRERE; 1-6: [ CWP3 E/RRY PCR 47 1874); P: PAMNR; N: AR
Fig.2-14 Results of PCR amplification of CWP3 bacterial solution
M: DNA molecular quality standard; 1-6: PCR products of different CWP3 bacterial liquids; P: positive control; N:
negative control

3.7 EHRIEFARIANEGYIEE
WUBFUREXS AR B BOIEAT %, AR E R (B 2-15), il a6 Al H i 2605 T — 2.
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2-15 EEFTIAFRHINEEYIEE
M: DNA S FREMRME; 1-2: BHRERR pET-28a-CWP3 WEY]=4); 3: pET-28a 3JHR;
Fig.2-15 Double digestion identification of recombinant expression plasmid
M: DNA molecular quality standard;1-2: Recombinant expression plasmid pET-28a-CWP3 double enzyme digestion
products; 3: pET-28a control

3.8 EHEANFRIEEWIE
3.8.1 SDS-PAGE &1F

W% e 45 RIER T EAH pET28-a-CWP3 RiA ik S ANRIATE E.coli BL21 T H FRIE, 45
FEATR (F2-16), S5KRESFHIEBHLL, 555 Bls £ HEILHE W20 /NI B, IR
FEZFAT T RS S B CWP3 & H, FNyEH i H &t bl EU R, X EAE
FIE R R UTE hRIE, FAERR B,

M 1 2 3 4 5 6 7
250KDsa —
150KDa

100KDa
70KDa

S0KDa
40KDa
35KDa

25KDa
20KDa g

15KDa S e .- .—
-
10KDa

2-16 SDS-PAGE £EZERFRILF MR
M: ZEH Marker; 1: iH5H] pET-28a-CWP3 Hife; 2-3: B35 pET-28a-CWP3 Hif; 4-5: H5/E pET-28a-
CWP3 Bk L3E; 6-7: FS/E pET-28a-CWP3 BEIRIUE
Fig.2-16 SDS-PAGE identification of protein expression
M: protein maker; 1: pET-28a-CWP3 bacterial solution before induction

; 2-3: the induced pET-28a-CWP3 bacterial solution; 4-5: pET-28a-CWP3 bacterial solution supernatant after induction;
6-7: the induced pET-28a-CWP3 bacterial solution precipitated,

3.8.2 Western blot 3&3iF
X5 S RIS E F 4T Western blot 73#71, &5 ER (E2-17), 78 HBID T8 K/DAAFERE
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M 1
250K Da
TORD

! a
70KDa

50K Da s

40KDa
35KD:1= ‘
25KDa

20K Da W

15KDa W a

10KDa

2-17 MAERFMNH
M: Z&H Marker; 1: CWP3 &H
Fig. 2-17 Fusion protein product analysis
M:protein Marker; 1: CWP3 protein

3.9 EREAMGHEKENE

AR FEE R R VA AR 1K) SDS-PAGE 45 B 1118 2-18 (A), 41 8 M R R4tk 5, 537 B
AFEREZH CWP3 B S0 E I E A TIREENE , 455875 0.500 mg/mL. jfid Western blot
XA SE R BT, ERUA TR RN LA B, B oA, KR EHE O
RIh4iqk, ik 2-18 (B).

A M B M 1
250KDa 250K Da

150KDa 150KDa

100KDa 100KDa =~

70KDa 70KDa S
50KDa S0KDa

40KDa 40KDa «
35KDa 35KDa

25KDa 25KDa -

20KDa 20KDa e

15KDa 15KDa

10KDa

10KDa

2-18 A A E B AL 45 IE
M: Marker; 1: @i{t/F8 CWP3 &H
Fig. 2-18 Validation of purified product of fusion protein

M: Marker; 1: Purified CWP3 protein

4 FER5VHL

B SRS A B O K O B AR R . Dy — FR B 2 R 2 s, T 7E S e BRI 1
BN NP I K SR, R B R T . HRT, PR bR B ROk
KIRMRZYHATYAT, (BRI AT, BUACEH T J s W 5, (8
HCHOR LI ST 2, RS AR T B AR T2 . R E R LT, TR
T T A L
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A5 5#] NCBI LA K B 58 s R FIAR DG SCRREE B, Fimicks H 19 35k DRI 7 Rl B0 B I B B DA S 57 A
(I EIAEAE, P 2 DR SR g SR 7 Y B T ARSI o RS o 0 0 9, SCRT ARG B e s v
VR, DB R IR DL L, P ABE A v B . R4, RSN 2R I RIA IR
o fs AR, R K AT 8 R (15-20 min A& —AX) R4 S8 S I L IR 70 B R 0E R 0K
OB, FWBERMBIAME R FFRA R, OARICEE . BB e . Resthad A RE E A
B SRR AL BT N T AR

AES UL CWP3 R FTAMF AR R, A58 Prot Param 254 4M5 B2 0I5 (1 B MME 2
SEIIREHAT TN, 45 R R PIHEREY 30 h, BALTER S5 R Eox CWP3 SRR A, g
TRHCN 96.230. ZEHEE Tk, TEEIX, FEEM T4, CWP3 HEA 25 MR,
EATAESTRI, ERHFERPEE2ANEASHNEARERR, TSN BE 5B M i
BEFAM . CWP3 FE I — 4 LRRNT 2 Z5H3A1 10 NMYURRE R, s = s M N
CWP3 & [ D REAE F AL 0T 7 B2 T A

R4 GenBank " AANH CWP3 R THG14), Rt i B4 KA L pET-28a-CWP3. fiff 7t
RIL, BIH M CWP3 HEH1E 37°C, IPTG HIZIKE DY 0.5 m mol/L 53 I A K P, B il
%54 SDS-PAGE 1 Western blot % H AT SR mtE b AT 858 . 45 E/R, CWP3 ER4K
744 bp, kD 247 NEIERR, HIN TR EL N 27.3KDa, £ ALRAT RAEE .. 8 # FH4F His
PRES IR DL R RV AT Ak, 1930 T maiBE RS S, HEREN 2mg/mL. [HREE
A AR, TRHEMBFIRAE, HAER 8, AHEHAG], . £ Western blot %5E 5,
HI CWP3 A EGRUM . NIEN T CWP3 RAMS MRS %, Rt T ha
FERETE AR NIR AR E T — 58 Al
INGS

(1) A5 B 20T CWP3 BAT BT IR 1
(2) RIhAiL T #E4 CWP3 FEH, JEXHF RIS BT T8N, SAEAWKREA 2 mg/mL.
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FE=E45r TR CWP3 R fEIIARH &

15l

BV PR — PR IR 5 A5 B 10 A AR AR R S WA IR s A LR, B m R R AR E
Ve, SRIERRE BT KA PSR, Wz N B AR 7 T T, RTE IR AR 2 AR
I SIS G U ] 0092, FE T ELISA I TFA %5350 [ 2 1] 2% He i B il n) St 2 2 i S 2
(1 A= SR i 55 R 1 PR 12 B ARSI DA B 7697

ARIAEJFAZRIL R G ERIE T CWP3 dH, RN RSN HUR, g a4 ok
FOCKEIMTTVE RAR R IERE TR ) CWP3 N T B8 HUR A RS Wi BOR , S fbali . R thom
BT, DA DR N R AL R PR S FH AP 90 45 A AH D6 5558 T kAl
2 IR 5RE
2.1 e
2.1.1 G5 4HRE

/INERE BRI AN SP2/0 A ARAK AR = ARAE; SPF i) 8 JESMENE BALB/c /MR, 1 E b5 I
B ARATIR AT . 515 dL WB Pk 75 A5k 7 B 22 1
2.1.2 EERKF

FEAG WA 3-1.

%31 ABHFRBEERFIR

Table 3-1 List of main reagents used in this part

44 R ] R RRIE
RPMI-1640 373 REFE, EKH
Jife A i 7 VivaCell, Lif§

PBS ZZ il wHE, L

BCA 25 [k I e iR 77 ARy, i

9 IRA T8 27 Sigma, [

9 I 5E A7) Sigma, [

96 LK NEST, L#

W L TMB LT, g

HAT/HT 54373 ZKE, dbx
P& VivaCell, Lif§

Protein G Agarose Beads Abbkine, [

2.1.3 EEWEE
FEAL RS W 3-20
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=32 ABARBEEMSEE

Table 3-2 A list of the main instruments used in this part

R4 FR %
IR B O X
Vil aTs Nanodrop
B A Thermo
151 5 WA Ly Nl
HEARAX BioTek
ERTY) AL A TeAX A
P TAnE ) Ly Nl

2.1.4 B RECH

(1) LMIEREFRR: AR IR T MG IR F N 1% 3T (10000 U/mL);

(2) HT iR R4 ] 10 mL TGS B IR0 HT T8, 153 10 mL 50 x [ HT w45
FRE, (FRIR A MER SRR A 1 < BIW, SRR/ E LW

(3) HAT EReR 5L Bl J7 kIR HT;

(4) 0.050 M BRIFR ER MR (CB, pH9.6): FEBRIREN 2.930 g, BRIREN 1.590 g 582V T 1000
mL LB KH;

(5) ELISA Hf I (1% BSA): FREL 1 g BSA, ] 100 mL PBS V& fi# o VU B (R4

(6) 1B (2 MH2S04): 20%IKRFRER N 80%HJFR 7&K . S I E H 21820,

(7) Z5E/Te M 0.15 M NaCl, 20 mM Na,HPO4, pH 7.0;

(8) VeMtZZM#: 0.1 M Glycine, pH 3.0;

(9) HRIZEM: 1 M Tris-HCL, pH 8.5,

22 KB *E
22.1 FIRE

B 5 H 8 &% SPF Mt BALB/c /MR, 55— 0.100 mg TR 524K FR 7 AL 7R & %)%,
T TIEST 3-4 o B IR RIEPUR BN 0.050 mg, J5iLFEIRT, JEEINTR G AR 2 Ik,
FPEIRECN 3 IR B — RGBSR 1, FaR e —IR, S5r 3 REX/NRIETHALEE, R
€2 SO e (T T N = D A O 510 T W (R S RE S
2.2.2 SP2/0 HARBRI B A FAEX

(1) KRS 37 °C, BUHTRBEERIZR SP2/0 4if, T 5% 3 a0 i 5 2500 5 min;

(2) REFRILERIIE, FH) T25 BFRMM, 37 °CIEIRIE I,

(3) EAEAMA KRS B B B, AR 85-95%I0, F 1 mL RS 1 Bk 1 &
R A T4, K Horh — P ddst, JEAIRTEFI SE 4T 1640 REFREEME, 4RBEBON 37 °CRE 3%
AR TR

2.2.3 MWMGRZEHMN
PAAAL Y B5E e JERE A0 AR 1 CWP3 AT R, AR/ RIIEME A —PT, IR /N
MEEAFAVERTIR, SR B #E ELISA J7 Al iRy, BEbs (ORI OD 450 nm;  J& 28 %1% 4%
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M T 105 /N, ISRARE 1 Uk, kST S SR fah A e
224 RFEMEERES
(1) — 3 BALB/c /M SEREIRERCR ML, 51 30ALSE
(2) BRI 75%IFE IR 5 min,  JF [l € fEM
(3) fEMHF LAEG A HTARB IR N RGBT, HIF Rk, 58
(4) ¥ 5 mL HAT $: 7036 RIS 8 NI, FHRBRIEH S R ikl MABEOE N,
(5) 300g £5.0> Smin, 325 biF, M\ HAT 88577 50k 41 T e il OB B, IR EISIE A
5-8 /4~ 96 FLAHMIERFRIR A, 37 °CIHIRIE IR
2.2.5 BRZmBaEIE
(1) i&— R {#EE BALB/c /NS AR ER R 1ML, 51 30ARSE s
(2) BN T5%WkE i EE 5 min 247, B /N BRI [ 8 7EAR L5
(3) fEH TAEG AT ARBIJIRIFIE R R, 85 d I8, B /S BB
(4) N 5mL & 2.50% FCS 1) RPMI-1640 K572k, B ZiRSMAEK KBS L, BT
PN o) 8 I M SO EA R O
(5) FIBETHRBRH R K SOy R ER, JEH 1 ml B FRE A% BN (W ol B 0 N
(6) FEPKENGEGAL VIR, 1 mL B/ B BB 2 5 — N
B 0 Y5
(7) 1E (6) i 2.5% FCS ff] RPMI-1640 £57%3E, 400 g 0> 10 min;
(8) FF & Lif, LAHTEE 2.5% FCS ) RPMI-1640 5573 UK 41 B7 s
(9) HEBLE (1) (&),
2.2.6 HpERLE
(1) B £ B AT, R 108 /NI 529 1-5 x 107 4> SP2/0 B RER AN iRl &, 300 g 25
L» 5 min;
(2) 7 b3, BWEOEMEITEMEUS, TN 37 CRIBH A ;
(3) MR THEH 50% PEG 1218 AN E0E Y, 1mL £ 60 s WiloE, URRILEROF
(4) FERZIMSEMBDIRES, RATREAGZAL TR 5 IR G IR
(5) N7 PEG &, B OERFEE 37 cCARIB T E 90 s, F—RPET0 B BRI 40 i N\ 21 2 vt
A UFH 15 mL GG H) RPMI-1640 Bifpdkrh, BRI, REAZEHESHAE,
(6) FER 300g B0 Smin, 32 L3E, FH— TS E RS WL 25 mL HAT 8572382 508 W,
BB IRSIE AR I NS HAT B 3351 96 FLANfiEsRfm, 3L 154, 4l
0.2 mL;
(7)) AGHURRE FRBUBN 37 °CIE AN 1S 3744 5
(8) MEHMIRAS . EMGEEE 4 KA 7 K, BHTAIMRPE R WG HT sk, &%
S e A K B R FRALI 13 £ 12 I, WO BiG#E1T ELISA faill. /5 JeikH CWP3
B TR B Se AT 7T s %o ik 1) BE A B o A SR AR RV 80T 3 IRBA R 3¢
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(238
2.2.7 PR 5 52 FE AR A i
AR A 96 FUBJERER 1/4 AR, LA CWP3 HEAE A, W LiE—P, [
ELISA #ill; &ML P/AN>2.1, OD 450>2 [IBAMESL, B AR 4 (1 48 AL S B L 100 pl 8 i 255 i1
SRR, AR FRMREIR 5~T7 K, FrAMKBINURN 1/3 B TR, R, JRAGTL
R BA I A ST AR M K TR SR AR & F o iR S AR REAS 31 R A% — B ORFFBH M 1) B v B 20 F R
Y BB SR HE RN AT AT KR, I R RAE
2.2.8 IINERBEIKAIHIE
{5 BALB/c /MRS 0.600 mL Jo B A S YRCEEY R3S 57 5 1 SR o R, 73 DLFI R
T 2B N RTESS 1100 AN A5/ ERUIE IR, il A7 S SR BT WS AR K
2.2.9 BEIKNHINIE
(1) #% 2 pg BFLEHAIR, 4 °CIT;
(2) 5%MLARYky 3P, AFSL 100 pLs
(3) B PBST JEAEVEMML_E¥E 3 ¥k, BRI 5 min; BEFLIN 100 uL 1% LR RS 5 LIS A [ Pt
f8, TRAIE T 37 °CIEIRRTF#4A 1 h;
(4) hn PBST JEEBEMRML EVE 3 ¥k, 4R 5 min; FFLINA 100 pL Bbs —H0, BT 37°CIEE 1
h;
(5) BV 4 g, BFLIN 100 L TMB & E3%, &AM 20 min 5 HIRERERZ 1L, E OD
450 nm.,
2.2.10 BEK&EL
S S EE B (1) BRI K HEAT faT B e B 0o b HE, SR JE 1 Protein A/G BEERZEAL 57920 K
SREE— A, 5519 3 AR R 1 o e LA
(1) 2ml I7KZ 0.22 pm JEBISIE 2 7K, 4 °CESLHLA 12000 r *min!, B0 10min /5 FEUTE:
(2) %% Abbkine Protein A/G BEERZE Ak 1t WA k4T 44k 5
(3) XFalifb e SRR T SDS-PAGE il H 41 ;
(4) XA 5 PR EAT IR FE I E
(5) Jr3URAF T--80 °CUKFR N -
2.2.11 Western blot &
AIRIE 2.2.2.
22.12 [EEREBERIEEE
T BRI SR B HUE KIS, R T 12 FLARI% 3% 6 h J5, FI-20 °CTR G H1 i) R B4 3
15 min, PBS ¥k 3 ¥k, AKX 5 min. 0.5% Trtion X-100 i&{k 15 min, PBS y#h¥k 3 ¥, FHK 5 min.
37°C LA 5% BSA 3] 30 min. E#iE W, SALBIMAFIEA N —HT, 37°CRE. FITC b
CHIEPUR 1gG (1: 200) A %%, DAPI %% 15min, PBST /h¥e. 455 M58 Sk e .
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2.2.13 BT R BN

K FH Western blot VAR 5 5w BEHUAR RS2k, ARt 7 s, 2R 95 s Rk sl A5 A s a1
LREE PR ARG F R AR N SDS-PAGE P, 90 v 1 20 min, 140v 1 1h; 5%JBARYY
FRBA 2 h JEHEEE, 100 VEE 1 hy —$HiT 4 CHERIE, —Hi=iR 2 h; PBST ¥l A REAMK
WOFRFEH IR B 45 R

ERE5SH
3.1 BN

£t ELISA K25 50T, S0 G 46 s /0 SRS BA B A, mras 105, wf AR Skt

AT e S 41 B k51X
% 3-3 BIDR BB RN N L

Table 3-3 Results of the fourth immunization titer test

RRBMEE YCl6-1  YC16-2  YC16-3  YCl16-4  YC16-5

10° 3.794 3.822 3.861 3.848 3.123
10¢ 2.073 2.899 3.839 3.921 1.987
10° 0.484 0.822 1.091 2.732 0.573
106 0.065 0.100 0.148 0.534 0.038
107 0.179 0.019 0.038 0.088 0.042
BA 1 0.012 0.018 0.1300 0.013 0.017

3.2 BrpEmATFE

LIPS FILEE) 5 BTN, 7aldr4 8 CWP3-1. CWP3-2, CWP3-3,
CWP3-4 fl CWP3-5,
3.3 BE/KUN RO E

SR, CWP3 Hiow A k& i 2L 45 LUARRE S D A it Horb CWP3-4 2t i
m (B3-1.

- Zh

FA1

— CWP3-]
CWP3-2
— CWP3-3
CWP3-4
CWP3-5

t

o«

R & A (450nm)
- XY
t }

'

0 1%108 2x108 3x108
ffeth &

& 3-1 /MR ZRITARANAT

Table3-1 The antibody titer determination of mouse ascites

3.4 REsk&{k
W 3-2, & CWP3-4 JIE/K, &aifb)5HIFE, SDS-PAGE %€ 5158 1 4 i m k.

33



S04y BUER HL CWP3 B v BEHUIAT ]

250KDa
150K Da
100KDa

TOKDa
S0KDa

40K Das—
35KDa -

-
KD .

20KDa

15KDa

TOKD o =

3-2 BE/Kik4it /50 SDS-PAGE

M: #&EH Marker; 1:

WER; 2-7: R 8: R

M: Protein marker; 1: flow through the liquid; 2-7: cleaning liquid; 8: eluate
Fig.3-2 The SDS-PAGE result of purified antibodies in ascites

3.5 Western blot &M

HZ CWP3 H [ 5l (0 RS BEGUAR SN, A5 H KA A RNE BV SR (] 3-3),
IS, AR IR BT R AR REAS 5 A 7 1 4 (K B DTSR R - £ 25 KDa A1 50 KDa 4b 73 5 L 1
R PR ok, XA RERE T AR B A T I AR G, S ECRARE AR w2 VI R v
TR (B 3-4) . IXPISK S RIS o] 4 1) B e B DT IR BT R (R Rr 4k

M1 2 M
250KDa
150KDa
- ¢, 100KDa
w W 70KDa
PN w S0KDa
@ 40KDa
a ¥ 35KDa
\,, 4: 25KDa
” 20KDa
" ¥ 15KDa
o “ 10KDa

& 3-3 EREHSSHENRER K
M: #&H Marker; 1-2: E%H CWP3 &H

Fig. 3-3 The recombinant protein reacts with the purified antibody

M: Protein Marker; 1-2: Recombinant CWP3 protein
M 1 2 3 4

250KDa
150KDa
100KDa

70KDa
50KDa
40KDa
35KDa

-

N

25KDa
20KDa

I5KDa &

& 3-4 RAEHS 4B R K
M: FEH Marker; 1-4: HEENRFERZETFE

M: Protein Marker; 1-4: 1-4: Cracked G. duodenalis trophozoite

Fig. 3-4 Natural protein reacts with purified antibody
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3.6 EIHERBERNLEE
AP S BEFRAREE ST AP AR R S TSR 050, IR LA, SR IE 3-5 .

3-5 At FRHUIARRI (A3 R R UL IIIE

Fig. 3-5 Indirect immunofluorescence validation of purified antibodies
3.7 BRI R MM
2¢1d Western blot 401k, CWP3 fitik 5Eaf 7 REF IEE XL, R BIH| & H 5 ks 7 s,
45 R 3-6 s .

M 2 ‘M 3 4 5 M 6
70KDa Ll 100KDa
S0KDa 70KDa 70KDa -
40KDa v S0KDa 50KDa
5KDa 40KDa |+ 40KDa -—
KDl ziKDd — 35KD&I -
—
25KDa | 25KDHJ 25KDa -
15KDa s 15KDa -
| 15KDaws
10KDa

3-6 B X R BRI
M: Marker; 1. 2: BR&EH; 3: [RFAFH; 4: FEEHR; 5: IkifL; 6. KFTFE
Fig. 3-6 Monoclonal antibody cross reactivity test
M: Marker; 1, 2: G. duodenalis; 3: Cryptosporidium; 4: Blastocystis; 5: Coccidia; 6: E. Coli

4 FiL5iTie

SUE AU — Fh Rk A N BB R R, DRI BVu T IR, 2 DNRIEAAK
I E A X RATVE R 2, AR I AR B R 7 E AR R TR R A DI T 5 A
T 1290 o {2 H AT T 515 EBUR LR IR T2, 3K 45 BTER B B AN TR <5 AR IR AT FUt7
KT R

TR PURDR R v . SEREN . B PR DR AR AR S L A T e A R T 7T . AT
TRSERE . PORBTEAI . AR s AR T AT AT R RN AT, AR LR e R ST D S it
R G S A VA I L R % o AR A7 AR R0, B AR ARV B 2R S L UM A, ST T
AR SARLNZ Wi 7% . Wilke ZEBLL IR AN FER, BIEE T — DR R ded: di BT B
U, BEUS X MBLTR IR, 2OE TR L dr Y], X fiiAoN a7 it se A5 it T A e

I LH, IRt Rk 4 UEV A I T
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S =5y TR HL CWP3 S s BEGUIR 1) 4%

A FLLAEE B A3 B AL IS 1) CWP3 B PR, dlid 7 BALB/C /MR, FHAFIH]
HRATIE B & B e R, GBS v BRI ISR 1 5 MRS ANk . 2 ELISA K, )
FIE KBRS S . G IEEREETOCRI G, YT 5 AR IR 1) B A RO IR AR R A S R
UG, 4 Western blot £l f5, S g BEHUAR W] DURE VR TR H 9%, HAIRR/ 7, %
JRE BRI ORI AIVD 1T IR S T0 28 OB BRIk B AT T BT 58 dU ik, JRRIR
JE U I RAR W SR LA 108, B LSO BT HURRALE 8, AAE S — BB 1 A5 B2 T
o bR gE R W 46 10 B v TR BER HOR ) S e s W T TR RIFIIN AT 5 RS E
XoF B 5 HVH AT P L IR BB FEAN R BT 26 SR BUR L EE B 5E T R AT A HEAl
INER

(D 1REG DN 3RAF 5 #RPUBT SR I CWP3 FLaa 4R, 4300l 4449 CWP3-1. CWP3-2. CWP3-3,

CWP3-4 il CWP3-5;

(2) 5 MRIRATIRE MM A I K 2 2k JE 433 T 2B RO Bk, &k TFA 73 Bl SRk vl 5

B OB TR AR S (0 G R
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By (AR RSN AR EL

158

TES IR 2 AR U B IR FEAAT I A, T 52 BRSO DA 22355 BUAR 55 07 TH RS2 I 29 3, 3R
AT FE 0995 S5 A 7 v K MR FE R R A S AR DRZe A I 7 v T M A AR SR B, HAFAE UM &
TGO, DRI AE B A AR TR A R A I GO ™ B, 5 B AR HUR BT 35 >k 18R e, PR T &
VO HBZERNR R B T ARG S FA I Ah, o2 A I 7 iRk B 22 (R S, AR AR 471,
JEFAEBURIE T ERRIR S, BESRHE TR S, RENS, Ik, S u ot ik E
T3 S AT 7 TR S 53 T2, BN O S5 I 2 DA R R % 2 A I v B2 R e )™ 32 (A I 4 AR 2
—, AR 1 HOR S0,

ARSI A5 FH 1) £ PR B e FE LRGN AR CWP3 B, R HRER N KA. FHtE RN &G
For il 51 5 AU BERE TR [ CWP3,  FFEXT HBUR I . e e 1 DL R B A AT 40 BT SR
2 MRERE
2.1 XA
2.1.1 FERAFIFEM

FELGRFEM WK 4-1.
*® 4-1 KEBST PR EEIRFIFEM R

Table 4-1 List of main reagents and consumables used in this part

WA =

A L £ 2 g
1xPBS SEUE IR
FITC-HRA 26 5t L4 oy
DAPI P
BRI =%
3 .

"L 80 ]

12 LR NEST
HHALIE fy NEST

& RHE -
A e
R .

2,12 FEMNHFEH

T EER R WA 4-2.
42 AMAETENFRER

Table4-2 This part of the main instruments and equipment table

DEEA %
37 °ClEIR R FAH TG
37 °CHN L IR AR FEBK

P R BUPR 2

RN FRIUR
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2.1.3 FERKECH
(1) 10 x BEEEE-NaCl ZZhi (PBS);
(2) 5% BSA A 1.1.3.1 FRE 1 10 x BEEREE-NaCl 2343 10 ml il 0.500 g BSA, JREIEHHE;
(3) 0.5%MhHrid: 2.1.3.1 KL &K PBS Z20P¥K 10 ml il 50 uL BHAIE, VRS EHFE .
22 MEHE
221 BERFIMNESHE
W 55 75 BB K AR TAR TNV KIR G UK, T RGO 5 7 % 13, H
pH 7.1 ({5 G IR B HE, ONH I A A TR AR 5 G 90 0, IONAH R 7R AR 240 )5,
WE NI RIS, T pH 7.8 M REESE TR AL, MMIGFRAE A 24 h JEEHTE 0y pH 7.1 19T
SREFRIE, YRS N REFREE, 50001 « 8min! B0, FE A EE TKEE,
2.2.2 BIEFIMMKMK
R, Ol ZRTEEAENEER], %5t 1:100, FITC #3458 EH0R ZHt 1:200 HE
FEREAT IR e w a1 AT I T (9 ' DA B 5 B L BRI 0G T AR T A5 1) Dy B A ] 5 71 o
223 —iRERREHRMRL
¥ e BEBUAF 1% BSA #% 1:50. 1:100. 1:200 Al 1:500 FikE, FFRE AR, BB
HORFERRAER : WA B R HIB b4k (6.
224 —iEEFRERERL
F 2.2.3 HsE MARRRPUA, BERTEN 0.5h. 1Th Al 1.5h, BIRIEMSEIEHN—
PR LI & I 1]
2.2.5 FITC #ricHIFERR 1gG ERBREHMML
W — P AR BRI BERRE, S AL & I RI0F & L 4 FITC ARic (= HT A IgG H PBS 4% 1:100.
1:200. 1:500. 1:1000 A1 1:2000 Fift, EFEbriERE 2.2.3.
2.2.6 FITC #REIEMR 1gG EMH BT
W — P AR SR AT MR B, — DU M RIR BERRE, SRE 4 — P BN E N 0.5 hy
Lh #1 1.5h, EFEFRER 2.2.4.
2.2.7 BRI
K 1004 S5 AL FE N 1:10 FFAGIEAT RS LUARRE R 1:1280, 4% 0 13 1) % AR AU G Spe Al HE
2.2.8 fFA M
8 EIRRAC T % PRI S50 2 ORAF I LR DL 2 A . (3R, 2R SR el Rt e, K #T
HAYPT TR, IR ik 51
229 EEMHE
B 2 MRS S 05 RIS BITE 5 YRR B[R] ZEAT TFA, DU A
G

38



TR ALK 2 2024 Ja il B 72 A Sl 8 ST

2.2.10 EERERABEMLL

W15 7% BN A I B A iR R NI A I, AR /IR 10%/ml ANBEFRAR 1) S k4T
VEB AL, WS RS PBS WA EMKIGEL 70, 40 um HJERY, USCARNEVR, KA IR
FEREE IR R ) AL By, PBS Tt 3 RN AI S B 2l i BAE B g, F TS 28 TFA Al
22.11 [EERERLE

A P 3 8 ST 4 D 1) 2 B R AT T VAR I A A S IR IR IR AR A . Al 5 i B e B e fE 2
R LB S 4 b, HARBEREIAAR SO =7 2.2.12,
3 BRE5DH
3.1 EEREIMNESRE

2l 221 MRS RE, [R2 7TSAUEFE. AN TS RN ORNIBER, H
AT EE, SR aE 4-1.

4-1 FINESHIEE R B RHERLER
4-1A,B,C AREMHF THNRER (BREERNARSRIFNER)
Fig 4-1 Results of iodine staining of G. duodenalis cysts induced in vitro
4-1 A, B, C are the observation results under different visual fields (the black circle is the cyst with better shape)

3.2 BEEFIMTL
WA 22 2t IR, A 3 Pl A G FEA I BoR gkt G, (B4 Y H I [ 58 HORE A ¢
FeomEE R . HESYdERLF, 6% 5E, SFEPRAE AR AT (E4-2),

4-2 TWEH CWP3 ER B R & EREE
A:ZRERE; B: BE; C: ZB; D: MR
Fig.4-2 The best fixative for CWP3 monoclonal antibody of G. duodenalis
A: paraformaldehyde; B: carbinol; C: Ethyl alcohol; D: Negative control

3.3 —ImERRER
ZERANE 4-3 B, 4—HuFRE Y 1:50. 1:100 A1 1:200 B3 AT LUK I 21 55 45 s A3 (1)
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Fr it (A) (B) (C), FREEbfilh 1:500 B ok i 2 51 56 a2 4 7 9% (D). A
W KRR e MR . 55 R BaE MR LL o 1:200.

- - -

43 —InRERBREHER
A: 1:50; B: 1:100; C: 1:200; D: 1:500; E: BAEXIER
Fig.4-3 Optimal dilution ratio of primary antibody results
A: 1:50; B: 1:100; C: 1:200; D: 1:500; E: Negative control

3.4 —inm{ERE B ETE]
AN 4-4 FiR, SR HGESERE 3 MR IR ST, EERIAN 1 h Al 15 h
PR K L RIENT (B) (C). O %R HMA, &Pt EREIA 1h (B).

. .
A: 0.5h; B: 1h; C: 1.5h; D: FBMEXTER
A:0.5 h; B:1 h; C:1.5 h; D: Negative control

4-4 —iiRIEFBERIELE
Fig.4-4 Results of optimum incubation time for primary antibody

3.5 FITC #RIEHIFEMR [gG RERBEEH

B T HURIRAEE Ty 2.2.5 HE LIRS, G5 R 4-5 o, 1:200. 1:500 A1 1:1000 2 i3
TRERE EIE M2 e, ELAT BT A B B R S S o R B A M R BT 3R (AD (BD (C)),
B4R 1:2000 (D) I TSRO, 25 HRI Pl iR ERRIRE A 1:1000,
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.

4-5 FITC #RicHEIMR g6 RERRERER
A: 1:200; B: 1:500; C: 1:1000; D: 1:2000; E: FBiEXtER
Fig.4-5 Results of optimum incubation time for primary antibody
A: 1:200; B: 1:500; C: 1:1000; D: 1:2000; E: Negative control

3.6 FITC #RIEHIFEIR [gG &M B RT[a]
SER W 4-6 s, FITC FRicHIEPLR 1gG 10 3 M & RS B R MR et taydt, BE
HEAN 0.5 h I (A), ZOGiEMiaE . AL FITC bRic APt 1eG HtE M &1 A4 0.5 h.

iIIIIIIliIIIIIIIIIIIIIII

A: 0.5h; B: 1h; C: 1.5h; D: BAMXIEE
A:0.5 h; B:1 h; C:1.5 h; D: Negative control
&l 4-6 FITC FRICHIEM R 1gG RAERFFERIELER
Fig.4-6 Results of optimal incubation time of FITC-labeled sheep anti-mouse IgG

3.7 BRI G
BB B BE R 1280 % I 4K IH AT LU I BI85 ¢ ', (BRGNS 2B 58 By ek v,
s (B 4-7),

41



SEUUHER Sy IR e ekl ik i i vr

E 47 REABRHRMIRNEERE
A:1:10; B: 1:20; C: 1:40; D: 1:80; E: 1:160; F: 1:320; G: 1:640; H: 1:1280; IBAMEXTEE
Figure 4-7 Results of G. duodenalis cysts sensitivity test
A: 1:10; B: 1:20; C: 1:40; D: 1:80; E: 1:160; F: 1:320; G: 1:640; H: 1:1280; I: Negative control
3.8 fr it
SiRmE R (B 4-8), BRI dAMRHARR R B3 ARRI R 7O, Bl IFA BAA REFH)
R

& 4-8 RERFF RN RE
A: HEH; B: [BFH; C: FEEH; D: BkAt; E: WI1KE; F: XBHFE; G: BT
Figure 4-8 Results of specific tests for G. duodenalis

A: G. duodenalis; B: Cryptosporidium; C: Blastocystis; D: Coccidia; E: Salmonella; F: E. coli; G: Negative control

3.9 EEMIAW
R WME TR (F4-9), 5 AR RARIE, SIS S92 6, THRTE AL H) IFA J7vkE
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PR S

49 RERGREAEEHRBLERE

Fig.4-9 Results of repeated immunofluorescence test of Giardia duodenalis

3.10 BEHREEAL
$i 13k 2,10 SPITvELAL 1 g NS, 0 HEORIFEUS, 83T 6.0x10° A (K
4-10),

& 4-10 SLERIREREE (40X)
Fig.4-10 Purified G. duodenalis cyst (40x)

3.11 [B[E G E R AR
N FE ST 7 R R ORAS I A4k f ) /0 BR A A i 51 28 L 3, BRSSO, WA
(B 4-11), FIZ T80 DU SRAG I Z5 458 o 4 55 268 Ha .

& 4-11 REREFERNERE (40%)
Fig.4-11 G. duodenalis stool test results (40%)
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4 5Tt

BER R — P N, R N A R DL B AT WA E BV E By, H B3 v el
OB T LA SRR 2, DR et B A HOR AT HS T or B, S BEAR HURYE, CWP3 R A AMYAL
TR RN TR -, FNMAAE T SRR N, R SV Rk, B ki
U, TET S dUR I B R S

HAG, KSEs M INEIRZ, RSISERIKRIN RS B2 BTl “ St ”, BIRZ
JIHERERT R, Sy, ARSERRAT IR AR b B, XHREG N T T R, TR A R
PEAG, A%, LRSI G, BT L BAT RS e VRS fU N e 2 A RLE T A, KB 2 1B
IS B AR 2 b o AR TAE 4800k UL, TFA B W RSBt Ay ek, 78 B AMZ 712
TR FERSE P (0 B2 SR A TR TR BRI, JF O i dn i &, (B E Pz e . &
ARRECR IR IA TR L Rabl 1 EAE A, 2ifb/5 %%/ R, LLRPT Rabll 2 58 FE LIE Mk
AT G 96, AR I3 T Rab11 7E B 28 e g Az, 1 [E 28F] A pCold I pCold-TF %
PRAE R B PRI T SR HUA VR AR L, DI R 2508 — P, DA e v e ik 4 s
T HAEDES B R B g AL

T IFA VER UL, BTCREPUAME N —HuRe s T 290, DA s AAlis 77 6 B 28 sk 77
WFASME ST PR, 28 =80 H & W A e BEPUA N — BT, FITC A% EH i —
PU, BRI RN G, EEL R G 2 PG A B 5 e DA b3 S A ST [R) 4 e s R A
%, SRR S SR <20 cCHA HEEIE E 15 min, —HifmfETIEREN 1:200 (3.390
ug/mL), —HUIE RN 1h, “HRMBREECN 1:1000, —HiiE AR A 30 min. RIEHRAERIEK
PRSI T U, ARSI G TR A AR A5 T AR BB SR ARSI AN EICH 46 Ao MR S AL
FAFRIMNZIVER R R, AR Bas 7 g, ZPRER A, BRA, VDT IR AR AT B AT A, &5
YNGR AT TR 1 5T L CWP3 2R A s BE UK BE B 5 BT AR B CWP3 HLJ5 R A5 5+
YRR, BA RIFIRIRE .
INGS .
(1) I B8 =30 73] 2% ¥ SR e B UM A 57 1 BT L R S e R B g i PO 0 B 5 L ) 42 4

PERNTTE:
(2) ZEL RN 77 7 BR AT R M 2055 R g etk . RN S I3, SR ST Hh Y B2
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HZr50HFH=

(D FIFH KB B 5% R0E RGN RIS FEai0 B R AT S R CWP3 &

(2) DA4ifblr ity CWP3 & FoaH R e /N R, FIFH RIH: ELISA RUIhifiE th 5 pREEE AR € 4
W CWP3 HUAR I B TE R Z 2SI 4t M, 73l 4 CWP3-1, CWP3-2. CWP3-3, CWP3-4 fll CWP3-
5; ELISA. Western blot A1 S RiPERT IR B, Hofds BA BT IR S S5 P AN S i

(3) DAl i s e R Ay —4, AL T B U AR G w R i, etk — PR R R
N 1:200, HAE—HURFEREY 1 h, REZHMREN 1:1000, S _HFEREJN 050, HE
Baf 7 i, ZEFRJFE L, BRI VIR AR A 38 A8 SRR s 56 /0s SRS o i 4045 3 1 . 3k
TR, ATLAE BRSOk
BlHET =
(L #& T+ 18 P58 hBERE S 1 CWP3 1 5 5w BE B
(2)  FETH i UUR MR E T CWP3 BT 1 A e s ek T7ik, BET DA I 7=

e, AR,

45



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

46



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

(1]

(6]

(7]

(8]

S22 30k
VR, WAV, LR, RATHE IS B A A JURG T SRR (0], b E i R B iR 2%, 2021,
33(02): 110-9+84.
ARZR, KIS, ARHET, 5. BRI y BB R AL D A JFZ RIS S L RE W A e A (7]
rh S EE R, 2019, 49(08): 1019-1024.
DOBELL C. The discovery of the intestinal protozoa of man [J]. Proc R Soc Med, 1920, 13(Sect Hist
Med): 1-15.
LIPOLDOVa M. Giardia and Vilém Dusan Lambl [J]. PLoS Negl Trop Dis, 2014, 8(05): ¢2686.
ADAM R D. Giardia duodenalis: Biology and Pathogenesis [J]. Clin Microbiol Rev, 2021, 34(04):
€0002419.
GROUDAN K, GUPTA K, CHALHOUB J, et al. Giardia lamblia diagnosed incidentally by duodenal
biopsy [J]. J Investig Med High Impact Case Rep, 2021, 9: 23247096211001649.
RAMIREZ-OCAMPO S, COTTE-ALZATE J D, ESCOBEDO A A, et al. Prevalence of zoonotic and
non-zoonotic genotypes of Giardia intestinalis in cats: a systematic review and meta-analysis [J]. Infez
Med, 2017, 25(04): 326-338.
LAGUNAS-RANGEL F A, YEE J, BERMuDEZ-CRUZ R M. An update on cell division of Giardia
duodenalis trophozoites [J]. Microbiol Res, 2021, 250: 126807.
HAGEN K D, MCINALLY S G, HILTON N D, et al. Microtubule organelles in Giardia [J]. Adv
Parasitol, 2020, 107: 25-96.
ERLANDSEN S L, BEMRICK W J, PAWLEY J. High-resolution electron microscopic evidence for
the filamentous structure of the cyst wall in Giardia muris and Giardia duodenalis [J]. J Parasitol, 1989,
75(05): 787-797.
fong, S\, FEE, S5 PRI B AR RS (1] FEREEE
A g4k &, 1984, (02): 37-40+68-9.
CARPENTER M L, ASSAF Z J, GOURGUECHON S, et al. Nuclear inheritance and genetic exchange
without meiosis in the binucleate parasite Giardia intestinalis [J]. J Cell Sci, 2012, 125(Pt 10): 2523-
2532.
BITTENCOURT-SILVESTRE J, LEMGRUBER L, DE SOUZA W. Encystation process of Giardia
lamblia: morphological and regulatory aspects [J]. Arch Microbiol, 2010, 192(04): 259-265.
ANKARKLEV J, JERLSTROM-HULTQVIST J, RINGQVIST E, et al. Behind the smile: cell biology
and disease mechanisms of Giardia species [J]. Nat Rev Microbiol, 2010, 8(06): 413-422.
A, &, FRER, 51 GG E R RS HUR K2 T [J]. FRIE SR 2023,
22(07): 85-88.
SUN C H, MCCAFFERY J M, REINER D S, et al. Mining the Giardia lamblia genome for new cyst
wall proteins [J]. J Biol Chem, 2003, 278(24): 21701-21708.

47



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[17]

[18]

[19]

(22]

(23]

[24]
[25]

[26]

[27]

(28]

[31]

LOPEZ-ROMERO G, QUINTERO J, ASTIAZARaN-GARCiA H, et al. Host defences against Giardia
lamblia [J]. Parasite Immunol, 2015, 37(08): 394-406.

FRME, TKEE, KRR, S5 P ERIEEE R TRATIR I R (1] R AR R,
2023, 57(03): 363-371.

RYAN U M, FENG Y, FAYER R, et al. Taxonomy and molecular epidemiology of Cryptosporidium
and Giardia - a 50 year perspective (1971-2021) [J]. Int J Parasitol, 2021, 51(13-14): 1099-1119.
LEUNGAK C, LEUNG A AM, WONG A H C, et al. Giardiasis: an overview [J]. Recent Pat Inflamm
Allergy Drug Discov, 2019, 13(02): 134-143.

LALLE M, POSSENTI A, DUBEY J P, et al. Loop-mediated isothermal amplification-lateral-flow
dipstick (LAMP-LFD) to detect Toxoplasma gondii oocyst in ready-to-eat salad [J]. Food Microbiol,
2018, 70: 137-142.

BéN¢ER¢E E, VAN ASSCHE T, VAN GINNEKEN C, et al. Intestinal growth and pathology of Giardia
duodenalis assemblage subtype A(I), A(I), B and E in the gerbil model [J]. Parasitology, 2012, 139(04):
424-433.

XU C, TUO H, WANG W, et al. Occurrence and genetic characteristics of Giardia duodenalis in
donkeys in Xinjiang, China [J]. Parasite, 2023, 30: 50.

SRIR R VAT R 8 oK G =R 1 IAT 0 o S BB IR AR R AR B BRI 0# [D], 2023.

CACCIo SM, LALLE M, SV4RD S G. Host specificity in the Giardia duodenalis species complex [J].
Infect Genet Evol, 2018, 66: 335-345.

LIU H, SHEN Y, YIN J, et al. Prevalence and genetic characterization of Cryptosporidium,
Enterocytozoon, Giardia and Cyclospora in diarrheal outpatients in China [J]. BMC Infect Dis, 2014,
14: 25.

ZAHEDI A, FIELD D, RYAN U. Molecular typing of Giardia duodenalis in humans in Queensland -
first report of assemblage E [J]. Parasitology, 2017, 144(09): 1154-1161.

PIPIKOVa J, PAPAJOVaA I, MAJLATHOVA V, et al. First report on Giardia duodenalis assemblage F
in Slovakian children living in poor environmental conditions [J]. J Microbiol Immunol Infect., and
infection, 2020, 53(01): 148-156.

CAI' W, RYAN U, XIAO L, et al. Zoonotic giardiasis: an update [J]. Parasitol Res, 2021, 120(12): 4199-
4218.

SRF, T, SashE, SF EROK b R T g BER R I KR RO BT FURE SR 5 proceedings of
the HEIMERL 222 2021 FERPERARE 22— TRSORAQG 5 N2 23, HEKELF,
2021 [C].

RYAN U, HIJJAWI N, FENGYY, et al. Giardia: an under-reported foodborne parasite [J]. Int J Parasitol,
2019, 49(01): 1-11.

48



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[33]

[34]

[37]

[38]

[39]
[40]

[41]

[44]

[45]

[46]

[47]

CHALMERS R M, ROBERTSON L J, DORNY P, et al. Parasite detection in food: Current status and
future needs for validation [J]. Food Waterborne Parasitol, 2020, 99: 337-350.

PORTER J D, GAFFNEY C, HEYMANN D, et al. Food-borne outbreak of Giardia lamblia [J]. Am J
Public Health, 1990, 80(10): 1259-1260.

TORGERSON P R, DEVLEESSCHAUWER B, PRAET N, et al. World Health Organization estimates
of the Global and Regional disease burden of 11 foodborne parasitic diseases, 2010: A Data Synthesis
[J]. PLoS Med, 2015, 12(12): €1001920.

ADAM E A, YODER J S, GOULD L H, et al. Giardiasis outbreaks in the United States, 1971-2011 [J].
Epidemiol Infect, 2016, 144(13): 2790-2801.

BUDU-AMOAKO E, GREENWOOD S J, DIXON B R, et al. Foodborne illness associated with
Cryptosporidium and Giardia from livestock [J]. J Food Prot, 2011, 74(11): 1944-1955.

BLACK R E, DYKES A C, SINCLAIR S P, et al. Giardiasis in day-care centers: evidence of person-
to-person transmission [J]. Pediatrics, 1977, 60(04): 486-491.

ESCOBEDO A A, ALMIRALL P, ALFONSO M, et al. Sexual transmission of giardiasis: a neglected
route of spread? [J]. Acta Trop, 2014, 132: 106-111.

LEVINE G L. Sexually transmitted parasitic diseases [J]. Prim Care, 1991, 18(01): 101-128.

MCNEIL C J, KIRKCALDY R D, WORKOWSKI K. Enteric infections in men who have sex with men
[J]. Clin Infect Dis, 2022, 74(Suppl_2): S169-S178.

ANGARANO G, MAGGI P, DI BARI M A, et al. Giardiasis in HIV: a possible role in patients with
severe immune deficiency [J]. Eur J Epidemiol, 1997, 13(04): 485-487.

UGBOKO H U, NWINYI O C, ORANUSI S U, et al. Childhood diarrhoeal diseases in developing
countries [J]. Heliyon, 2020, 6(04): €03690.

PASCHKE C, APELT N, FLEISCHMANN E, et al. Controlled study on enteropathogens in travellers
returning from the tropics with and without diarrhoea [J]. Clin Microbiol Infect, 2011, 17(08): 1194-
1200.

MERO S, KIRVESKARI J, ANTIKAINEN J, et al. Multiplex PCR detection of Cryptosporidium sp,
Giardia lamblia and Entamoeba histolytica directly from dried stool samples from Guinea-Bissauan
children with diarrhoea [J]. Infect Dis (Lond), 2017, 49(09): 655-663.

KALAVANI S, MATIN S, RAHMANIAN YV, et al. Prevalence of Giardia duodenalis among Asian
children: a systematic review and meta-analysis [J]. Int Health, 2023.

NGOBENI R, GILCHRIST C, SAMIE A. Prevalence and distribution of Cryptosporidium spp. and
Giardia lamblia in rural and urban communities of south Africa [J]. Turkiye Parazitol Derg, 2022,
46(01): 14-19.

SONG Y F, CHU M J, HUANG F, et al. First report of prevalence and assemblage analysis of Giardia
duodenalis in pigs from Guangxi Zhuang Autonomous Region, southern China [J]. Parasite, 2023, 30:

49



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

51.

HENG Z J, YANG J F, XIE XY, et al. Prevalence and multilocus genotyping of Giardia duodenalis in
Holstein cattle in Yunnan, China [J]. Front Vet Sci, 2022, 9: 949462.

SHU F, SONG S, WET Y, et al. High zoonotic potential of Cryptosporidium spp., Giardia duodenalis,
and Enterocytozoon bieneusi in wild nonhuman primates from Yunnan Province, China [J]. Parasites &
vectors, 2022, 15(01): 85.

g, B, ol 5. NSRS R B A RS IR B S E K s AE A p D).
B EE R, 2023, 44(12): 1-5.

i, RACHE, B, S ORI AT R B SRR R T IRAT R
] BRI EHEBE LR, 2023, (08): 89-94.

CERTAD G, VISCOGLIOSI E, CHAB¢ M, et al. Pathogenic Mechanisms of Crypfosporidium and
Giardia [J]. Trends Parasitol, 2017, 33(07): 561-576.

A, FEVE. RS RBURHLHI T SR (7], T E Y% 499 24, 2015, 23(01): 64-70.
ORTEGA-PIERRES G, ARGUELLO-GARCIiA R, LAREDO-CISNEROS M 8, et al. Giardipain-1, a
protease secreted by Giardia duodenalis trophozoites, causes junctional, barrier and apoptotic damage
in epithelial cell monolayers [J]. Int J Parasitol, 2018, 48(08): 621-639.

QUEZADA-L4aZARO R, VAZQUEZ-COBIX Y, FONSECA-LIiaN R, et al. The cysteine protease
Giardipain-1 from Giardia duodenalis contributes to a disruption of intestinal homeostasis [J]. Int ] Mol
Sci, 2022, 23(21): 13649.

BARROETA-ECHEGARAY E, FONSECA-LIfiaN R, ARGUELLO-GARCIiA R, et al. Giardia
duodenalis enolase is secreted as monomer during trophozoite-epithelial cell interactions, activates
plasminogen and induces necroptotic damage [J]. Front Cell Infect Microbiol, 2022, 12: 928687.
NASH T E. Antigenic variation in Giardia lamblia and the host's immune response [J]. Philos Trans R
Soc Lond B Biol Sci, 1997, 352(1359): 1369-1375.

SERRADELL M C, GARGANTINI PR, SAURA A, et al. Cytokines, antibodies, and histopathological
profiles during Giardia infection and variant-specific surface protein-based vaccination [J]. Infect
Immun, 2018, 86(06): €00773-17.

FARIA C P, ZANINI G M, DIAS G S, et al. Associations of Giardia lamblia assemblages with HIV
infections and symptomatology: HIV virus and assemblage B were they born to each other? [J]. Acta
tropica, 2017, 172: 80-85.

COTTON J A, BEATTY J K, BURET A G. Host parasite interactions and pathophysiology in Giardia
infections [J]. Int J Parasitol, 2011, 41(09): 925-933.

TRELIS M, TARONCHER-FERRER S, GOZALBO M, et al. Giardia intestinalis and Fructose

Malabsorption: A Frequent Association [J]. Nutrients, 2019, 11(12): 2973.

50



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[68]

[69]

[70]

[71]

[72]

[73]

LAUDE A, VALOT S, DESOUBEAUX G, et al. Is real-time PCR-based diagnosis similar in
performance to routine parasitological examination for the identification of Giardia intestinalis,
Cryptosporidium parvum/Cryptosporidium hominis and Entamoeba histolytica from stool samples?
Evaluation of a new commercial multiplex PCR assay and literature review [J]. Clin Microbiol Infect,
2016, 22(02): 190.e1-e8.

HIJJAWI N, YANG R, HATMAL M, et al. Comparison of ELISA, nested PCR and sequencing and a
novel qPCR for detection of Giardia isolates from Jordan [J]. Exp Parasitol, 2018, 185: 23-28.
T, TR M DR BT R R MR SR HUR G LM A [D], 2023,

KLOTZ C, RADAM E, RAUSCH S, et al. Real-Time PCR for molecular detection of zoonotic and
non-zoonotic Giardia spp. in wild rodents [J]. Microorganisms, 2021, 9(08): 1610.

s, Xk, ZR4h, 5 RIE A BUTTES H real-time PCR KRGl 72 AL [J]. o I T0BH 45 =
#, 2011, 33(12): 961-964.

NOTOMI T, OKAYAMA H, MASUBUCHI H, et al. Loop-mediated isothermal amplification of DNA
[J]. Nucleic Acids Res, 2000, 28(12): e63.

CHOI G, MOEHLING T J, MEAGHER R J. Advances in RT-LAMP for COVID-19 testing and
diagnosis [J]. Expert Rev Mol Diagn, 2023, 23(01): 9-28.

GILL P, HADIAN AMREE A. AS-LAMP: A New and alternative method for genotyping [J]. Avicenna
J Med Biotechnol, 2020, 12(01): 2-8.

GARG N, AHMAD F J, KAR S. Recent advances in loop-mediated isothermal amplification (LAMP)
for rapid and efficient detection of pathogens [J]. Curr Res Microb Sci, 2022, 3: 100120.

KARANIS P, THEKISOE O, KIOUPTSI K, et al. Development and preliminary evaluation of a loop-
mediated isothermal amplification procedure for sensitive detection of crypfosporidium oocysts in fecal
and water samples [J]. Appl Environ Microbiol, 2007, 73(17): 5660-5662.

SOROKA M, WASOWICZ B, RYMASZEWSKA A. Loop-mediated isothermal amplification (LAMP):
the better sibling of PCR? [J]. Cells, 2021, 10(08): 1931.

GALLAS-LINDEMANN C, SOTIRIADOU I, PLUTZER J, et al. Giardia and Cryptosporidium spp.
dissemination during wastewater treatment and comparative detection via immunofluorescence assay
(IFA), nested polymerase chain reaction (nested PCR) and loop mediated isothermal amplification
(LAMP) [J]. Acta Trop, 2016, 158: 43-51.

MEE XD, SCHFE, S5, RHIEDKIESR 25036 77 51 58 B I RCR LS 7). I A dei
Biia 44 &, 2003, (05): 75-76.

MiLLER J, STERK M, HEMPHILL A, et al. Characterization of Giardia lamblia WB C6 clones
resistant to nitazoxanide and to metronidazole [J]. J Antimicrob Chemother, 2007, 60(02): 280-287.
BALAN B, EMERY-CORBIN S J, SANDOW J J, et al. Multimodal regulation of encystation in Giardia
duodenalis revealed by deep proteomics [J]. Int J Parasitol, 2021, 51(10): 809-824.

51



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[77]

(78]

[79]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

KRTKOVa J, THOMAS E B, ALAS G C, et al. Rac Regulates Giardia lamblia Encystation by
Coordinating Cyst Wall Protein Trafficking and Secretion [J]. mBio, 2016, 7(04): e01003-e01016.
DAVIDS B J, REINER D S, BIRKELAND S R, et al. A new family of giardial cysteine-rich non-VSP
protein genes and a novel cyst protein [J]. PloS one, 2006, 1(01): e44.

CHIU P W, HUANG Y C, PAN Y J, et al. A novel family of cyst proteins with epidermal growth factor
repeats in Giardia lamblia [J]. PLoS Negl Trop Dis, 2010, 4(05): e677.

LUJAN H D, TOUZ M C. Protein trafficking in Giardia lamblia [J]. Cell Microbiol, 2003, 5(07): 427-
434,

MOWATT M R, LUJaN H D, COTTEN D B, et al. Developmentally regulated expression of a Giardia
lamblia cyst wall protein gene [J]. Mol Microbiol, 1995, 15(05): 955-963.

LAUWAET T, DAVIDS B J, REINER D S, et al. Encystation of Giardia lamblia: a model for other
parasites [J]. Curr Opin Microbiol, 2007, 10(06): 554-559.

AGUILAR-DIiAZ H, CARRERO J C, ARGUELLO-GARCIiAR, et al. Cyst and encystment in protozoan
parasites: optimal targets for new life-cycle interrupting strategies? [J]. Trends Parasitol, 2011, 27(10):
450-458.

LUJaN H D, MOWATT M R, CONRAD J T, et al. Identification of a novel Giardia lamblia cyst wall
protein with leucine-rich repeats. Implications for secretory granule formation and protein assembly
into the cyst wall [J]. J Biol Chem, 1995, 270(49): 29307-29313.

LUJaN H D, MOWATT M R, NASH T E. Mechanisms of Giardia lamblia differentiation into cysts [J].
Microbiol Mol Biol Rev, 1997, 61(03): 294-304.

sk, ASCER, AR, . EEEDITE SN CWP2-S JE DR B B A e D IR B I S A (D).
S 2R A, 2015, 51(09): 28-30+3+50.

RADUNOVIC M, KLOTZ C, SAGHAUG C S, et al. Genetic variation in potential Giardia vaccine
candidates cyst wall protein 2 and al-giardin [J]. Parasitol Res, 2017, 116(08): 2151-2158.

FENG XM, ZHENG WY, ZHANG H M, et al. Vaccination with Bivalent DNA Vaccine of a1-Giardin
and CWP2 Delivered by Attenuated Salmonella typhimurium Reduces Trophozoites and Cysts in the
Feces of Mice Infected with Giardia lamblia [J]. PloS one, 2016, 11(06): e0157872.

GALLEGO E, ALVARADO M, WASSERMAN M. Identification and expression of the protein
ubiquitination system in Giardia intestinalis [J]. Parasitol Res, 2007, 101(01): 1-7.

PR, A, RN, A RSB ARAN R UL SR SRR (7], P EAEY TR,
2018, 38(10): 82-89.

o, o, R, & RIEBEESURIRST RUEMRI 2B SRR (7], o E RS R E,
2024, 37(02): 251-256.

e, Ji. B ESURRIBT LR R LT b (0], BV TR SR 1-25.

52



T RE AR MY K2 2024 Ja Al A 50 AR Hell 18 e

[94]

[95]

[96]

[97]

(98]

BORAE. BT R BE SR ROR K BT S dURAR SR AR SRS W T I i S R P R (D]
PRI BT ] L, 2018,

WILKE G, RAVINDRAN S, FUNKHOUSER-JONES L, et al. Monoclonal Antibodies to Intracellular
Stages of Cryptosporidium parvum Define Life Cycle Progression In Vitro [J]. mSphere, 2018, 3(03).
R, EREE, BT S AUR R A W A IR T e R (0], o A RO B
ki, 2017,29(03): 385-7+92.

LK, AT, XIBERN. SR POt HTARIE AR I K b BT A ROMBR A B [0]. fOKEOR, 2019,
13(04): 51-54.

AR, RUEHE, EHE, SE. PSR Rabll HAREAMGRLE (1] RN, 2024,
19(01): 25-31.

VRESE. BUEE A SUR A L A e PERRIE Aont BN A i 2 AE S BRI E . [D]. 2020.

53



	摘要
	ABSTRACT
	第一部分 文献综述
	1 贾第虫病的研究进展
	1.1 贾第虫概述
	1.2 贾第虫病原形态
	1.3 贾第虫生活史
	1.4 贾第虫虫种和基因型
	1.5 贾第虫流行病学
	1.5.1 传播途径
	1.5.2 贾第虫病流行情况

	1.6 贾第虫的致病机制
	1.6.1 贾第虫致病性
	1.6.2 免疫反应
	1.6.3 组织病理学

	1.7 贾第虫病诊断方法
	1.7.1 病原学诊断
	1.7.2 免疫学诊断
	1.7.3 分子生物学诊断

	1.8 治疗与防控

	2 贾第虫囊壁蛋白的研究进展
	2.1 贾第虫包囊壁组成
	2.2 囊壁蛋白的功能
	2.3 贾第虫成囊过程及诱导调节
	2.3.1 成囊过程
	2.3.2 诱导调节

	2.4 囊壁蛋白在疫苗方面的研究

	3 研究目的与意义

	第二部分 CWP3 蛋白的原核表达及纯化
	1 引言
	2 材料与方法
	2.1 试验材料
	2.1.1 试验虫株、质粒和菌株
	2.1.2 主要试剂
	2.1.3 主要仪器
	2.1.4 溶剂配制

	2.2 试验方法
	2.2.1 CWP3 序列信息获取
	2.2.2 CWP3 生物信息学分析
	2.2.3 贾第虫的培养
	2.2.4 全基因组DNA提取
	2.2.5 引物设计合成
	2.2.6 PCR扩增目的基因
	2.2.7 重组克隆载体构建
	2.2.8 重组表达载体构建
	2.2.9 重组蛋白的表达与验证
	2.2.10 重组蛋白的纯化及浓度测定


	3 结果与分析
	3.1 CWP3 生物信息学分析
	3.2 贾第虫培养
	3.3 CWP3 序列扩增
	3.4 重组克隆质粒菌液PCR验证
	3.5 重组克隆质粒的双酶切鉴定
	3.6 重组表达质粒菌液PCR验证
	3.7 重组表达质粒的双酶切鉴定
	3.8 重组蛋白的表达与验证
	3.8.1 SDS-PAGE 验证
	3.8.2 Western blot 验证

	3.9 重组蛋白的纯化及浓度测定

	4 结果与讨论

	第三部分 贾第虫CWP3 单克隆抗体的制备
	1 引言
	2 材料与方法
	2.1 试验材料
	2.1.1 试验动物与细胞
	2.1.2 主要试剂
	2.1.3 主要仪器
	2.1.4 溶液配制

	2.2 试验方法
	2.2.1 动物免疫
	2.2.2 SP2/0 细胞的复苏和传代
	2.2.3 检测免疫效价
	2.2.4 饲养层细胞的准备
	2.2.5 脾细胞制备
	2.2.6 细胞融合
	2.2.7 阳性单克隆细胞筛选
	2.2.8 小鼠腹水的制备
	2.2.9 腹水效价的测定
	2.2.10 腹水纯化
	2.2.11 Western blot 检测
	2.2.12 间接免疫荧光鉴定
	2.2.13 单抗交叉反应性检测


	3 结果与分析
	3.1 免疫效价检测
	3.2 单克隆抗体筛选
	3.3 腹水效价的测定
	3.4 腹水纯化
	3.5 Western blot 检测
	3.6 间接免疫荧光鉴定
	3.7 单抗交叉反应性检测

	4 结论与讨论

	第四部分 间接免疫荧光检测方法的建立
	1 引言
	2 材料与方法
	2.1 试验材料
	2.1.1 主要试剂耗材
	2.1.2 主要仪器设备
	2.1.3 主要溶液配制

	2.2 试验方法
	2.2.1 贾第虫体外诱导成囊
	2.2.2 固定剂的优化
	2.2.3 一抗最佳稀释倍数优化
	2.2.4 一抗最佳孵育时间优化
	2.2.5 FITC 标记的羊抗鼠 IgG 最佳稀释倍数优化
	2.2.6 FITC 标记的羊抗鼠 IgG 最佳孵育时间优化
	2.2.7 敏感性试验
	2.2.8 特异性试验
	2.2.9 重复性试验
	2.2.10 贾第虫包囊的收集和纯化
	2.2.11 间接免疫荧光检测


	3 结果与分析
	3.1 贾第虫体外诱导成囊
	3.2 固定剂优化
	3.3 一抗最佳稀释倍数
	3.4 一抗最佳孵育时间
	3.5 FITC 标记的羊抗鼠 IgG 最佳稀释倍数
	3.6 FITC 标记的羊抗鼠 IgG 最佳孵育时间
	3.7 敏感性试验
	3.8 特异性试验
	3.9 重复性试验
	3.10 贾第虫包囊纯化
	3.11 间接免疫荧光检测

	4 结论与讨论

	结论与创新点
	参考文献

